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fore  be  W  -7-  n  and  t  •-•  n).     Supposa  for  an  instant  that  W  ii 

from  zero  to  W  bj  mdden  additiona  of  these  equal  iiarta  — -  as  tbe  partial. 

Load  describes  each  dirision  a  -~  n. 

Then  the  Work  actuallt/  done  by  the  Load  nhen  it  has  attained  an^ 
magnitndeum  — whilst  passiog  with  gradual  increment  of —through, 
tbe  next  space -will  be  fnftfmiecfiafe  to  the  Work  done  in  the  two  foil  owing- 
cases,  tIs., -^^ —  moTed  through -,  uad  ^i— .  W  moved  through  -,  t.e.^ 

(by  definition  of  Work)  intermediate  to  — — .  '  and  ^ ■  W  .  -. 

Similarly  the  Work  actuallt/  done  by  the  gradually  ittcramng  Load 
W  moving  through  the  equal  spaces  '  Trom  etarting  is  iotenuediate  for 
each  space  to  the  quantities  written  below  the  nnmbet  of  that  space. 


.',  Whole  Work  octaally  done  by  the  gradually  iucreasing  Load  is 
intermediate  t«  the  sum  of  these  two,  i.  e,,  intermediate  to 

(•  +  ?  +  ^  + +  ^w;),«.d 

W    .   _JW_      _SW_  nVf  \    » 

i.<.,  intermediate  to  (o  +  !Lzi.w)^.^,  wid  (^  +  ~)  | .  ^. 

i.t.,  intermediate  to  (1 )--^t  and(l  +  -)-^i  which   approach 

to  equality  as  n  is  indefinitely  increased,  viz.,  to  -^. 

Hence    ultimately  the   whole  work    done  by  the  gradually  applied 
Load  is  ^, (12). 

But -5^  is  by  definition  the  "  Work  done"  by  the  Load  -^  moved 
Ibrough  the  space  a.     Thus  the  theorem  is  proved. 
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This  Theorem  may  be  also  thus  expressed. 

Theorem. — "  The  Work  done  by  a  Load  W  moved  suddenly  through 
"  the  space  s  is  tunce  that  done  by  the  same  Load  increasing  gradually 

*'  from  zero  to  the  whole  W  moved  through  the  same  space  a," 
The  Student  of  Integral  Calculus  ^111  see  that  the  above  proof  is  really  equivalent 

to  the  following  : — 

'*Work  done*^  by  the  Load  dW  moved  through  the  space  ds  is  (by  definition) 

dVi  dt 
,'.  Whole  "  Work  done"  by  the  gradually  applied  Load  W  through  space  t  is 

/^    f'di.dW^/'W.ds. 

Bat  since  the  Load  is  supposed  to  be  uniformly-varying  with  the  space  .*,  W  =  wt 
where  w  is  a  constant. 

/.  Whole  work  =/     tr*<f*  =  ---=-;7a8  before. 

27.  Besilience  or  Spring  is  the  "  Work  "  absorbed  by,  or  "  Energy  '* 
stored  in,  a  Piece  of  Material  during  the  time  that  a  given  Strain  or  Stress 
is  being  produced  in  it  by  a  certain  Load.  On  the  removal  of  the  Load 
(if  within  the  proof  Load),  this  "  Work  "  or  Energy  will  be  expended,  or 
''restored,"  (i.e.,  visibly  reproduced)  in  effecting  the  recovery  of  figure  of 
the  Piece  in  consequence  of  the  Elasticity  of  the  material,  so  that  the 
Work  originally  expended  by  the  Load  is  really  absorbed,  or  its  Energy 
stored,  in  the  strained  Material  in  the  form  of  ''Potential  Energy,'*  i.e., 
Energy  not  producing  visible  motion,  but  possessing  the  power  of  so 
doing  under  certain  conditions  (in  this  case  the  removal  of  the  Load, 
see  definition  of  Potential  Energy,  Art.  23). 

Resilience  is  of  as  many  different  kinds  as  there  are  different  Load- 
applications  (Art.  9),  Strains,  Resistances,  or  Stresses ;  thus  there  are 
Direct  (Tensile  and  Compressive)  Resilience,  and  Transverse  (Tangential 
or  Shearing,  Twisting,  and  Bending)  Resilience. 

Corresponding  also  to  the  intensity-classification  (Art.  6)  of  Load, 
Strain,  Resistance,  or  Stress  as  Ultimate,  Proof,  Working,  or  Actual, 
Resilience  of  any  kind,  may  bo  characterized  as  Ultimate,  Proof,  Work- 
ing, or  Actual  Resilience,  respectively. 
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'nmbn, 

CMt'iron.       

WroDgbl-iroQ, 

SMel  (tough) 

ConUgc,         

Chain,  Stud 

Chain,  CIoM  link,      ... 
Wire-rope 

Hence  P  =<W  and  P  -~  2240  =  «  (W  ^2240)  by  def., (1). 

And  by  the  Uwb  of  reaistance  just  given,  for  >  p  _  -      . 

Load  P  or  W  of  nniform  iateneitj,         ../  ''     ' 

Kqaationa  (1)  and  (3)  contain  all  that  m  Decewai;  for  finding  either  the  Srtakiaf 
Lead  (P)  or  Worltiiiff  Limii  (W)  of  a  piece  of  given  crom-sectional  area  (A)  or  the 
conTerse,  lic,  to  find  the  UaM  net  ereu-tectunuil  area  (A)  required  to  bear  m,Work- 
iitg  Load  (W)  or  Brtaking  Weight  (P)  in  each  case  when  the  load  i>  tmifoimlf 
distribated  OTei  thi  am  (A), 

Actaal  Load,  Rbgistahor,  or  Stbbhb,  ttt  Art,  6  : — Let 
W  =  Actual  Unifonn  Load, 
w  =  Aetna!  Unirorai  Resistance,  or  StresB-inteneity. 

Then  it  may  be  inferred  from  Art.  29  and  Eq.  (1 ),  Art.  3. 

Actual  Total  Reaiatance  or  HtreBs  =  u'A=  W  (the  Load), (2 A). 

32.  Eq.  (2)  and  (2  A)  are  apjiroximately  trne  when  the  Load  io  nearly 
uniformly  distributed  Ofer  the  area  (A).  In  most  cases  in  which  ResJBl- 
ance  to  direct  Tension  has  to  be  considered  in  practice,  the  Load  is  ap- 
proximately uniformly  distributed,  and  the  formnlfe  are  eofficiently  accu- 
rate for  practical  purposes.  This  is  iiuportant,  as  these  formalse  are 
extremely  simple,  trhereas  the  accurate  formula  for  uneven  distribution  of 
Load  is  complex.  Moreover,  the/ujf  powers  of  resistance  of  material  to 
tension  can  only  be  utilised  when  the  material  is  so  arranged  that  the 
Stress  is  uniformly  distributed  over  the  area  A  (in  which  case  the  Ite- 
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use  the  co-efficieni/e-r-^  or  ««  according  as  W  is  expressed  in  pounds 
or  tons. 

-Bo^mpZe  2.— Working  load  (W)  =  12,000  lbs.  =  b^%  tons,  distribut- 
ed so  that  its  resultant  deviates  ^th  of  least  breadth  from  the  centre  of 
figure  of  the  least  section  (t.«.,  sro  =  <^  -^  6)  along  that  least  breadth. 
Find  the  least  breadth  {d)  of  ''  6hort  Pillar  "  required,  and  also  the  limit 
of  length  as  a  '* Short  Pillar*'  in  the  following  cases: — 

(1),  Square  Teak  Pillar;  (2),  Round  Cast-iron  Pillar;  (3),  Round 
Wrought-iron  Pillar. 

Solution:--  A  =  P.  (  1  +  oso.  ^)  -f-/c  =  «W.  (  1  +  rro.*^)  -r/c- 
Also  in  square  pillars  -y-  =  -,(?  = 


pillars  *-^  =|,d'=  A,  1 

»A       0  >  Art.  57(6). 

,illar8?^=|'^d.  =  A.f 


And  in  round  pillars 
(1 ).    Square  Teak  PiUar,^/^  =  12,000,  #  c  10. 

.*. d  =  /»W(l+|.5)H-/r  =  / 2 «W  -^/c  =  V20  =  i\  inches. 

Also  Limit  of  Length  aa  "  Short  Pillar"  is  I  not  >  I0<f,  i  «.,  not  >  45  inches. 
(2).    Hound  Cast-iron  Pillar, -fc  =•  112.000, 1  =  5. 

...rf=yi,w.(i+^-.5)-/.=yi.i,w-/.=y|=uinch.s. 

Al«o  Limit  of  Length  an  **  Short  Pillar  "  Is  I  not  >  5d,  i.e.y  not  >  C|  inches. 
(3).    Bound  Wrought'iron  Pillars.^fc  =  40,000,  «  =  4. 

Ahio  Limit  of  Length  as  " Short  Pillar"  is  I  not  >  10<l,  i,e.,  not  >  19  inches. 

Remark. — The  effect  of  unequal  distiibution  of  the  load  in  diminishing 
the  Strength  of  the  Pillar,  and  thereby  necessitating  a  greater  sectional 
area  (A),  to  bear  the  same  Working  Load  will  be  eyideut  from  compar- 
ing Examples  1  and  2. 

The  solutions  just  given  are  of  course  applicable  only  to  "  Short 
Pillars,"  t.0.,  when  l-r-d  does  not  exceed  the  limits  mentioned. 

Tlie  following  examples  will  illustrate  the  difficulties  of  application  of 
the  formulie  for  **  Long"  and  "  Very  Long''  Pillars. 

Example  3.— Working  Load  (W)  ==.  12,000  fts.  =  5-i\  tons  uniformly 
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ThA  A=2W  =  4/.ftiid^  =  »4-  %/ 2  =  \^  2. 

Also/-^rf=12L~rf>  100,  the  Pillar  18  a  "  Very  Long PilUr."  Hodgldnson's 
fonnnla  cmoiioC  be  ii^cd,  w  it  contains  no  tetor  to  soit  it  to  an  an^e-iion  secdoa. 
Gonloci*«  formola  alone  can  be  used.  The  object  of  awigning  %provinonal  valae  to  h 
instead  of  to  r  was  (jif«  Ait.  71)  that  d  might  be  pr^ritionally  fixed,  and  the  equation 
for  wlotion  (Gordon*^  formula),  which  woold  be  a  qnadimtic  in  d,  thus  reduced  to  a 
simple  eqnatitm  in  f  (a  matciial  ATing  in  calculation). 

^jf  6r*rrrfiMi/ /.™ifI«.-«W  ===  P  ===/e  A . ^  {  1  +  ^ .  ( j)' I  ,^  =  3^^ 
.-.4  X  1^00  X  {  1 +3^  .  ^i?-^i^'}  =  40,000  X  4< 

•••'  =  l50^  1^+^}  =-«Hinch«,or«yiinch. 

Bemarh. — As  the  resnlting  size,  vir.,  2*  x  2*  X  i*,  ifl  an  ordinary  size 
of  Angle-iron,  the  solntion  is  a  practical  one :  bnt  this  result  might  not 
hare  been  attained  without  sereral  trials  (Me  Art.  71),  «.^.,  i  might  hare 
tamed  oat  either  so  great  or  so  tnudl  that  practical  considerations  would 
render  sach  a  solution  useless  :  in  such  a  case,  a  fresh  provisional  yalue 
must  be  assigned  to  5,  and  the  formula  tried  again. 

The  term  **  prorisional  value "  will  now  be  understood  as  meaning  a 
▼alne  to  be  considered  dependent  on  the  solution  being  satisfactory  as 
far  as  practical  considerations  are  concerned. 

[.V.^. — Further  Examples  of  application  of  Gordon's  formula  to  X-Jro°  '^^ 
J  l_-  (double  angle-)  iron  sections  will  be  found  at  end  of  Ex.  8,  Chapter  V.] 

Also,  in  finding  t  a  cubic  equation  will  generally  result,  which  may  of- 
ten be  conveniently  solved  on  the  following  considerations.  Find  by 
trial  (i.e.,  by  substituting  for  t  in  the  cubic)  two  such  values  (f,,  t^  for  ( 
that  the  Talue  of  the  expression  changes  sign  in  passing  from  the  one 
value  to  the  other.  Then  obviously  one  root  of  the  equation  lies  between 
the  values  <  =  /,  and  t  =  f,. 

Take  for  example  the  equation  for  t  in  Art.  242,  we  have, 

f{t)  r=r  384<^  -  5^  -  48  =  0. 

Then,  putting  ^  =i  0,  we  have, 

/(O)  =  -  48, 
and  putting  ^  =  1,  we  have, 

/(l)=  +  331. 
Hence,  one  root  of  the  equation  must  lie  between  0  and  1. 
If '  ==  i»  /(i)  =  —  1'25.      Hence  t  lies  between  J  and  1,  and  so  on. 


ABT.  84.  ] 


ADDENDUM  TO  CHAPTERS  II.  and  III. 


TENSION  AND  COMPKESSION. 

84.  A  fitting  sequel  to  the  Chapters  in  which  the  states  of  Tension 
and  Compression  are  considered  separately  in  detail  will  he  to  compare 
and  contrast  them.  The  following  is  a  brief  statement  of  results  from 
Chapters  II.  and  III  :— 

(1).  The  Load,  Strain,  Resistance,  Stress  are  direct  in  action, 
I.e.,  normal  to  the  surfaces  of  particles  in  mutual  contact,  and  mutual- 
ly parallel  to  one  another. 

(2).  A  state  of  Tension  is  one  of  stable  equilibrium;  a  state  of 
Compression  is  one  of  unstable  equilibrium. 

(3).  Resistance  to  Tension  is  a  comparatively  simple,  and  Resist- 
ance to  Crushing  a  comparatively  complex,  phenomenon. 

(4).  The  laws  of  Resistance  to  uniformly  distributed  Load  or  Stress 
are  in  both  cases  expressible  by  the  same  algebraic  formula — 

P ^/t .  A,  or  P  =/c .  A, (2), 

(provided  the  material  under  crushing  strain  be  of  class  termed  a  '*  Short 
Pillar"  in  Chapter  III.,  Art.  57,  q.  v.). 

(5).  The  full  powers  of  Resistance  of  the  whole  of  the  material  under 
strain  cannot  be  utilized  in  either  case,  unless  the  Load  or  Stress  be 
uniformly  distributed. 

Cor, — Material  should,  if  possible,  be  so  arranged  that  the  Load  or 
Stress  may  be  approximately  uniformly  distributed  over  its  cross-sec- 
tional area. 

(6).  Material  under  crushing  strain  in  the  form  of  a  "  Long  Pillar ''  is 
liable  to  additional  strain  from  flexure,  and  the  Strength  of  *'Long 
Pillars"  decreases  rapidly  with  the  increase  of  the  ratio  I  :  d  (length  to 
least  breadth  of  cross-section). 
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AST.  101-102. 


These  results  agree  witl 
tion  (5)  X  =  ^,  and  it  \< 

Et  =  Ec  nearly^  so  that 
these  two  important  eq- 

99.    Go-efficient  of  d 

cal  grounds  by  Peter  L 
of  uniform  rectangular  •' 
same  level,  and  loado-i 
at  the  middle  of  its  lo? 
tity  for  any  one  mato. 
to  the  elastic  limit)  1 
ticity,"  and  projio 
Deflection :  he  den' 
the  subscripts  be. 
ments  on  Deflectii 
It  is  particular^ 
the  definition  of  (. 
as  used  in  this  ^i 
damental  cqnati 

hd*S  ■" 
It  iSi  howo- 

and  has  thcrct* 

of  «  Deflect;. 

BarlowV 

only  the  a.- 

establish  i;>! 

above.    Ii 
I 

preBsion>  -j^O^""  ' 

being  al  -^^ 

viz.,  Em;  .^ 

Load.  ! 
much  1 
derive- 

(12). 


a--,  tablea  I.  to  IV..  R>:.rkec,  1865. 
^^1  P.  Keay.    Tar-les  L  to  IV.,  2nd 


....-see  Ed  =  J  E,,  (14). 

T  P.  Barlow,  New  Edition,  1845,  in  the 

:;.N3rkee  Ej  =  J  Et, (15). 

V  p.  Barlow,  New  Eilition,  1867. 
ia^ra^."  Vol.  VI.,  Paper  No.  CCXIV.  (Ex- 
.  i.  Uart,  Esq.),  Roorkce,  18G9. 

.ic«  Sa*'  =  432"^*' tl6)« 

^,.^  ^u  Bnrman  TimlKirs,"  by  Conductor  T.  W. 

-^  .wRUg,"  Vol.  I.,  Paper  No.  XXVII,  (Scant- 
«   t.  5a:ikey,  K,E.),  Uoorkce.  1863. 
_.  -M,  JL ,  "  Strength  of  Materials,"  6th  Ed.,  Roor- 

^^Mtuii;  in  India,"  by  IViajor  J.  G.  Medley,  R.E., 

.^^    »y  Ea<igii  P.  Keay,  2nd  Ed.,  Roorkec,  1872. 
.  *    ntsinoering,'*  2nd  Seric*>,  Vol.  I.,  Paper  XL., 
.    1.  Lang,  K.E.),  1872. 

,>«  .a«  ^t  El  or  Ee  and  Ed. — In  modern  Works 
>.  /  Modulus  used  in  investigation  is  Et  (it 

^.oM  it^l  actually  available  in  the  case  of 

^;jrt  Woods)  is  Ed.     It  follows  that  Et  is 

^_^,-mk>u,  and  that  Ed  is  sometimes  the  most 

.^  Art.  27)  of  material  under  "  direct " 
,^i.rc**ion)  is  measured  by  the  "  Work 
uir^'t "  Strain  (extension  or  contrac- 

uii»i<,>a  or  direct  compression   (provided 
.*«cao"  he  a  "  Short  Tillar,"  Art.   57), 

.^^!,  Mributed  over  area  A. 
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reasing  gradoally  from  zero  np  to  the  fall  tmonnt  W, 
idncing  the  Btrain  X  in  a  bar  of  length  t. 
Than  W  s=  -^  .  A,  m«  Eq.  (2)  of  Art.  31,  and  Eq.  (2)  of  Act.  57. 

And  X  =  (^  .  /)  -7-  B,  we  Eq.  (5)  of  Art.  93. 

But  the  Load  W,  increasing  from  zero  np  to  W  gradnally,  and  moring 
thfongh  the  apwe  X  (equal  to  the  Strain  produced)  perfonne  "Work" 
ta  -^  .\oa  the  bar,  which  ia  the  same  (see  Art.  26)  as  would  be  per- 
formed bj  the  suddenly  applied  load  W  -t<  2. 

This  important  Result  may  be  thus  expreBsed. 

ThMrem. — "A  nniformlj  distribnted  'direct*  (i.e.,  tensile  or  craah- 
ing)  Load  suddenly  applied,  performs  at  first  twice  the  '  Work '  and  also 
prodncea  at  first  twice  the  Strain,  and  twice  the  Stiees  that  it  wonid  hare 
if  gradnallj  applied. " 

Corollary. — A  bar  wbich  is  to  resist  a  snddeolj  applied  direct  Load 
most  be  designed  of  twice  the  Strength  necesaary  to  resist  the  same 
Load  gradnallj  applied. 

From  the  eqnationa  above  cited,  it  is  seen  that  the 
«  Work  done",  Tiz., ^ .  X  =  i  . ^ .  A  X  (^ .  0 -^  E  =  ^ .  ^,...(]7). 

From  this  it  appears  that  the  "  Work  done  "  is  proportional  to  Al, 
which  is  eqnal  to  the  volnme  of  the  bar,  if  of  aniform  section. 

103.  Uodnlos  of  Resilience. — The  qoantitj  ^,  which  occnrs  in 
cases  of  suddenly  applied  Loads,  is  called*  the  "  Modulus  of  Besilience." 

Obaerre  that  to  reduce  the  Modntas  of  Resilience,  viz.,  ^,  within  the 
elastic  limit,  it  must  be  divided  by  «*  (the  square  of  the  factor  of  safety). 
The  neceseitj  of  confining  the  strain  or  stress  within  ths  elastic  limit  will 
ba  obTioas,  as  Eq.  (5)  of  Art.  93,  q.  v.,  which  has  been  here  employed 
ia  only  tme  within  that  limit. 

104.  Factor  of  eafety  for  Live  Load.— The  action  of  a  Live  Load, 
if  rapidly  changing,  is  somewhat  similar  to  that  of  a  anddenly  applied 
Load.    It  ia  for  this  reason  that  the  factor  of  safety  of  a  rapidly  ohang- 

•  It*  tbIdb  for  imni]  nrta  ot  Inm  under  Teiulla  Stnin,  Lt^  ths  nbaf^  -^  E,  li  glTcn  In  tbs 
AivtBdlz.    PvotlHiiiuUrlalilt  Buy  iMMillr  ealcnliMd  Imn  Mia  TsliHot/,  ud  K  In  tbsAp- 
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ing  Load  is  generally  made  doable  that  of  a  Steady  Load,  for  material 
ander  direct  Tension  or  Compression  (compare  Arts.  7  and  26). 

105.    Pile-driving. — Problems  about  Pile-driving  must  generally  be 
resolved  by  the  principle  of  the  "  Conservation  of  Energy  *'  (Art.  25). 
Example, — A  ram  of  weight  W^  pounds  falling  through  H  feet  verti- 
cally  performs  "  Work "  =   W*H  foot-ponnds  on  the  pile,  which  is 
expended  partly  in  compressing  it,  partly  in  driving  it  —also  partly  in 
compressing  the  ram,  and  giving  "  actual  energy  of  motion ''  to  the  pile — 
bat  these  last  two  are  practically  inappreciable.     The  relation*  between 
the  blow  required  to  drive  a  given  depth,  and  the  greatest  Load  W  it 
will  bear  (if  supported  by  an  uniformly  distributed  friction  on  its  sides,  as 
is  approximately  the  case  in  soft  soil  in  practice)  may  be  thus  found  : — 
If  W  =  Weight  of  ram  (in  pounds). 
H  =  Height  of  its  fall  (in  inches). 
h  s=  Depth  the  pile  is  driven  by  the  last  blow  (in  inches). 
W  ;=  Greatest  Dead  Load  (in  pounds)  it  will  bear  without  sink- 
ing further. 
A  =  Sectional  area  (in  square  inches)  of  pile. 
I  =  Length  of  pile.     X  its  contraction  (both  in  inches). 
Then  the  Dead  Load  W  applied  just  before  the  last  blow  produces  a 

Stress-intensity  =  -^  (Art.  20,  Case  I.),  which  produces  contraction  of 

the  pile,  viz. — 

X  =  ^  .  -i- ,  (see  Equation  (5),  Art.  93). 

As  this  Dead  Load  W  would  compress  the  pile  gradually,  it  performs 

W  W*   I 

**  Work  "  in  compressing  (Art.  102),  =  —  .  x  =  ^^  '    :  also  it  performs 

Work  in  driving  (the  additional  depth  h)  =  W'A.    Equating  these  to  the 
Energy  of  the  blow  (see  Art.  22), 

W'H  =  W'A+g^ (18). 

When  h  has  been  found  by  observation,  W'  may  be  calcalated,  for 

*  For  a  complete  invoetigation  of  this  [problem,  tee  Whe^reU's  "Mecbanica  of  Engineering,*' 
Art.  210. 
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W 

Piles  are  nsaally  driven  until  —  computed  from  this  formula  amounts 

to  between  2,000  and  8,000  pounds  per  square  inch.  Note  that  W  as 
thus  found  is  the  greatest  load  the  Pile  can  bear  witJtout  sinking  further  ; 
hence  if  s' be  the  factor  o/«a;^/^  against  sinking  («'  yaries  according  to 
different  authorities  from  3  to  10),  then. 

Working  load  =z  W'-r-*',  (20). 

106.  PHe  driving^  Practical  2?tt/«.— According  to  some*  of  the  best 
authorities,  the  test  of  a  pile  having  been  sufficiently  driven  is— 

''  It  should  not  sink  more  than  j^-inch  under  thirty  blows  of  an  800 
fi>.  ram  falling  5  feet,"  t.0.,  under  thirty  blows  of  '<  Energy  "  equal  to 
4,000  foot-pounds  each. 

107.  Strength  of  Files. — This  has  been  already  considered  in  Chap- 
Ur  III.,  Art.  78. 


•  Buklne'g  ••  Ifonnal  of  CMl  Rngineerlng/'  Art.  402, 6th  Bd.,  1870. 


A  1.1.  !■  •-. 


-.-.s   IN   UOOF  Ti."-^L-. 

■.       v  r'i:s«i  is  nn  open  Framework  ::?:;1   for  span- 
.■w'linjr  arross  an  or-:;ing,  e.g..  the  Fraiiie- 
.    ..  I ;  is  oallo'l  a  '•  H:   :'-Tr">5  "  ;   that  carrying 
i  ■•  liriil^'e-Tru-"-. '     A  s^neral  description  of 
.,..    .  ;ivou  in  Vol.  I..  >i::::rx  III.  of  the  Roorkoo 
.   .:i^  in  India.     T:.e  :  ^':^c^:t  Chapter  treats  on/y 
>  ,.    Iviisses;  thc^-?  in  C'l.^^jvr.eTiCQ  of  not  being 
-.».-.  i'.ini::   Loa'l.  a  luii:  of  treatment,  in  some  re- 
■    i:.u 'v-Trnsses. 

.s,  .•!  'I*ru88  alone  considered. — Whatever  be  the 

:    utiv»n  on  a  Tr^.-i-s,  li.oy  can  clearly  be  rescdved 

.,    !^  !u  the  plane  of  the  Trii>?,  and  (2)  p>erpendi- 

'  ?K'  hitttT  set  tor.  i  lo  twi^it  tlie  Truss  over,  but 

...  Wall -plain's,  aiii  -,  in  s:me  cases)  Lon;Lritudinal 

..•   iiiuv'h    lon'jit*jdiii:V.li,^    tiiat    a  Roof-Truss  is  in 

.   »v.I  rtblti  to  retfir-t  this  twi>ting  action   (compare 

.1.   \\w  (•onsi<k'ration  of  the  set  of  Forces    (i.e., 

'v    riiiNH  \H  alone  nece.ssarv. 

...vj  Joint. — Kacli  piece  or  member  of  a  Roof-Truss 
.  k  r»  ui,  an«l  the  point  of  intersection  of  two  or 
^    .i\lo\l  n  iJoiNT. 

•  a.-i  luay   be  subjected  to  two  distinct  kind.s  of 

..',•    I'niss),  viz,.  (1),  Direct;   (2),  Transverse  : 

.1  u'  \»f  I  he  Truss. 

.   u'l'DHipanied  by  Direct  Longitudinal  Stress 

.  s-iples  of  equilibrium)  to  the  algebraic  snni 

,»  ihat  Bar  of  all  the  external  applied  force.-* 

.'.  partly  of  external  Load  on  the  Bar  and 

...  iH»nilted  to  it  from  all  Bars  jointed  to  it. 
Micsrt   is  of  course  of  one  of  the   kind.s 
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Mbthod  (i).— Mbthod  of  Rbsolution. 


129.  As  already  stated  (Art.  123),  this  Method  will  be  applied 
only  to  two  Roof  Trasses  of  ordinary  occnrrence  under  very  simple  oon^ 
ditions  of  Load,  viz. :  — 

Ex.  1.  Symmetrical  King-Post  Truss  under  symmetrical  yertical 
Load. 

Ex,  2.  Symmetrical  Queen-Post  Truss  under  symmetrical  Tertical 
Load. 

The  External  Loads  are  supposed  applied  to  the  Principal  Rafters 
by  Purlins  at  each  joint  only^  so  that  the  Principal  Rafters  are  not  subject 
to  Transverse  Strain  (Art.  110),  and  the  Problem  is  limited  to  that  of 
finding  the  direct  Stresses  (Art.  112 — (1)). 

Ex,  1. — Symmetric  King-Post  Truss  under  symmetrical  vertical  Load, 

Fig.  14. 


130.     Description,-^ A^Y,  A'V  the  Rafters  of  equal  length,  A'V  ss 

L  =  A'V. 

A' A*  the  Tie-rod,  horizontal ;  A' A''  the  span  =  2c. 

VM  the  King-rod,  vertical,  bisecting  the  Tie-rod  in  M  ;  VM  r=  b^ 

MB',  MB"  the  Struts  bisecting  ihe  Rafters,  so  thai  MB',  MB"  ar^ 

parallel  to  A'^'V,  A'V,  respectively. 

Notation.'^ See  Arts.  127  and  128.     Note  that  the  Total  or  Resultants 
Stresses  on  the  several  Bars  composing  the  frame  are  denoted  by  the 
capital  letters  attached,  and  the  partial  Stresses  due  to  the  partial  Loads 
at  the  contiguous  joints  only  by  the  corresponding  small  letters. 
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[  ART.  134-185. 


**  TruM,*'  and  such  a  construction  is  very  nn^voarable  to  economy  of  material,  and 
should  only  be  used  for  temporary  structures,  which  from  local  necessities  may  have  to 
be  made  of  unseasoned  wood  when  wood  is  plentiful,  and  good  carpentry  not  obtain- 
able.* 

184.     Results  of  Art.  182  collected  for  reference, 
S'=S*=  ^.  coseci  (Thrast  on  Struts), (1). 

K  =  ^  +  w'  (Tension  of  King-rod), (2). 

T/  =  T,*=  i  (y  +  w+w'). cosect (Thrust onRaftertop-segment8),(3). 

T/  =  T/=  (^  +  ^^'j.cosec  i(Thni8ton  Rafter  lower  8egment8),(  4). 

H'  =  H''=(-^  +  ^\^)  .  cot  I  (Tension  of  Tie-rod), (5). 

Vertical  Pressure  on  each  Wall  =  i  (W  +  w  +  w'), (6). 


JEx,  2. — Symmetrical  Queen-post  Truss  under  Symmetric  vertical  Load. 


135.    Description.^ A'Y,  A*V  the  Rafters  of  equallength  A' V 
A'' V ;  A'A"  the  Tie-rod,  horizontal ;  A'A''  the  span  =^  2c. 

*  tf.^.,  in  HilJ'CampftignB  in  India. 


=L= 
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Stkp  JL-^RisoMion  of  Loads  at  the  jointi,^The  PolygooB  of  Forces  for  the 
joints  in  snocession  are 

VaWyy  for  joint  K'  ;  aVb'^p^t/'  for  joint  A". 

eVp'q'e  tot  joint  B' ;  p'h'e'q'p^  for  joint  B." 

q'fa'aYaY  for  joint  M,        [  **  ^^^^  *^®  ^^"^^  ^^***  **•  ^^^^ 

-^^  -  •  *     •  •  *  V  *     are  S',  H'.  w',  H'.  S%  K. 

e  tr^q  c'  for  joint  V, 

General  FiMrmuUd. 
T,'=  j/y  z=za'y .  cosec  aV y  =  (a'ui  +  mM)  cosec  i. 

=  (?^+!!L+Z:)  cosec  i(nr«^). 


H'= 


'=  a'//  =  a'y  .  cot  ay  y  =  (^  +  ^-^)  «><^  »  (^«nw<«i). 

8'=^j^=^ii'.cosec  jjryv  s  ^^  .  cosec  =  i -;r  .C08eci  =  -2-  coseci  {Thrttit), 

2  ^  o 

T,'=flr'y  =  ^^^  =y y  _y^  ^  T/  -  S'  =  ( ^^  +  ~^') .  cosec  i  iTkruet), 

Also  evidently  T/ =  Tf ;  T/  =  T/;  S'  =  S';  H'  =  H'. 

The  Stndent  is  recommended  to  compare  the  process  in  this  Example  with  the 
process  by  the  Method  i  of  Kesolntion  for  the  same  Boof  {tee  Arts.  130  to  133)  ;  the 
greater  facility  of  this  Method  (the  Polygonal)  will  be  at  once  erident.  The  results 
obtained  by  both  methods  are  of  course  identical  {tee  Art  134). 

He  should  also  compare  the  Sti^ss-diagrams  for  Vertical  Load  of  Examples  4  and 
5  (Ft^#.  19  (h)  and  20  (()),  wluch  are  examples  of  the  tame  Truss  under  slightly 
lifferent  Load,  to  see  the  effect  of  adding  the  Loads  w  and  w'  on  the  Ridge  and 
rie-nxU 

Construction  for  Normal  Load. 

This  Truss  being  the  tame  as  in  Ex.  4,  and  under  the  tame  Normal  Load,  no 
separate  inTestigation  is  needed. 

EXAHFLB    6. 

Description. — A  symmetrical  King-post  Trass  of  32'  span,  the  Rafters 
bisected  by  the  Struts,  the  Ties  braced  up  so  as  to  be  in  one  line  with  the 
Struts. 

Conditions  and  Notation  {see  Arts.  127, 128,  147).— W  =  20,000  lbs., 
W  =  6,000  lbs. 
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Conilruelion  for  Normal  Load. 
Fiatso-dugimm,  Fif.  SI  (0).  StnM-diagrun,  fig.  31  (.d). 


ftTMP  l—Palfgon  o/ZoadM,  a'b't'a'ta"  m  in  Ex.  (. 

Btbp  lL—Xtitiluti<M  qf  Lead*  at  jaitUt.—Ti»  "  Poljgoni  of  FOTces  "  for  ths 
joints  taken  in  mccenion  are 

Va't^V  toT  joint  A'  ;        i^p't  for  joint  A'. 

iTb'p'qVfat  joint  B'  ;         ji"bV'  ^  joint  D*  (not  loaded). 

qp'tpt  foT  joint  M  (no  Strces  on  bar  B''m). 

trVqp'J"  tot  joint  V. 

tf<iural  FaramUf. 
1i=p'V=  tV  .  cot  KffV=  (B'  -  ^')  cot  (»  -  »')  (nr«<»0- 
H'  =  ip'=«i'.ci»ecv'*'=(R'-^).co»ecC(  -  »')  f7to»*M>n). 
S'  =p'f  =  5it-co«ecyp'it'  =  —  .cosecCt  +»')  (Dlrart). 
Ti'=  qh"=p't'—p'»t=p'V  —  ffn.cotjp'it  =  Tj'—  —  .cot{i  +  «')  (Wnuf), 
T,-=T,-=,V=,.-.S^:=R-.™i5£ii±£'=K-.  S:ii±0  (Jln»(). 


K  =  gp'  =  ge  *  ep'  =  !S'  .sini'  +  2H"  sini' =s  2{8'  +  H')Biii»' (7i»n#ii>t»), 
for  9^'  is  TeiiicaJ,  and  gp',p^i,  ft,  tp'  are  all  inclined  at  nngle  i'  to  horisoiital,  lo 
that  horiioDtal  (dotted)  line«  throngh  p',  t  bisect  ge,  tp   at  right  angles  TespectiTelj. 

Also  S*  =  0,  u  might  hare  been  foreseen  (Art.  126),  liace  B'  is  not  loaded. 

EitUPLK  7. 

Detcriptton.—A  symmetrical  Traas  of  48'epan  with  Rafters  braced  at 
tlieir  middle,  the  Tie-rod  braced  to  inclination  t'. 

Conditions  and  Notation  («M  Arts.  127, 128,  147).— W  =  30,000  Itw., 
W  =  9,000  lbs. 
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f 

•  mn  V*  ^  t } 

flTssO,  SB  might  have  been  foreseen  (Art.  125),  because  B"  is  anloaded. 

^  Bin  a'lys  8in(»  — V)  8in(t  — r)  ^  ' 

^      Bin  «Ap  Bin  (2 1  —  »')  sin  (2i  —  t ) 

#"=  hvT^nT  ,  ?°   ^  =  H*  .     .    ^^°* — rr-  {Termon). 
-^         -^      sin  «Ap  Bin  (2*  —  1 )  ' 

1^=  kq  =:  Atf  +  tf^  ==  Ap*  +  ^  .  sec  eqp'^f  +  ~  cosec  (i  —  i';  (Twmon). 

Example  8. 


Description, — A  8ymmetrical  Tra88  of  64^  ppan  with  Rafter8  braced  by 
two  8tnit8  :  the  Raftere  and  Tie-rod  (which  is  straight)  are  trisected  hj 
the  bracing. 

Qmditians  and  Notation  {see  Arts.  127,  128,  147).— W  =  40,000  fibs., 
W'=  12,000  fibs. 

Construction  for  Vertical  Load, 

Frame-diagram,  Fig,  28  (a).  Stress-diagram,  Fig,  23  (ft). 

W 
Step  L — Polygon  of  Load$. — The  Rafters  being  trisected,  each  segment  bears  -^, 

D 

no  that  the  "  Equivalent  Loads  at  the  joints  "  are 

^atA',A-;^atB',C'V,C'',B''. 

W 

The  Re- actions  are  -^  at  A'  and  A". 

aTVi/'rd'c'Va'mar  is  the  "  Polygon  of  Loads." 
Step  XL—  liesolution  of  Loads  at  thejointt, — The  Polygons  of  Forces  at  the  joints 
taken  in  saccession  are 

Va'mpV  tor  joint  A' ;        ma^ypm  for  joint  A", 
c'Vpg'c'  for  joint  B'  ;        pVc^'q'p  for  joint  W, 
d'c'q'r'd'  for  joint  C  ;        ^'(Td^'i^f  for  joint  CT. 
r'q'pm^r'  for  joint  M'  ;     ^mpff^^  for  joint  M''. 
<r<iVNr''<r  for  joint  V. 

General  Formula, 

6W 
T/  ^=py = my  coeec  mpy  =  (m<i'  -f  d^y) .  cosec  i  =  -jg-  cosec  i  (Thrust). 

11'  =  mp  =  my  ,  cot  mpy  =  -r^  cot  i  (Ibnsion), 

W 

8/  =i?j'  =  »<?' .  cosec  g'pn  =  rf'^m  ,  cosec  i  =  — .  cosec  i  (2%rtM^). 


'    i* 
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Sin  (»  —  »  ) 
V'.-  jBTssO,  as  might  have  been  foreseen  (Art  125),  becanae  B''  is  unloaded. 

.:  -'^  smapg  8in(»  — V)  8in(t  — r)  ' 

H  =  .»  =  .J,-  .  ^L^  =  H-  .  »l|ft^=2B-.  22l2il2^')(7k«.o,). 
-^      sin  thp  Bin  (2 1  —  V)  sin  (2t  —  » ) 

.-=  »p'= V- .  .?H^  =  H- .    ■  %'■*'  ..,  (r««u,»). 

•^         -^      Bin  lAp  Bin  (2%  —  t ) 

Example  8. 

Description. — A  Bymmetncal  Tni88  of  64^  Bpan  with  Raftera  braced  by 
two  8tnit8  :  the  Raftere  and  Tie-rod  (which  is  straight)  are  trisected  hj 
the  bracing. 

Conditions  and  Notation  (see  Arts.  127,  128,  147).— W  =  40,000  ifos., 
W'=  12,000  fibs. 

Construction  for  Vertical  Load, 

Frame-diagram,  Fig,  28  (a).  Stress-diagram,  Fig,  28  {h), 

W 
Step  L — Polygon  pf  Loadt. — The  Rafters  being  trisected,  each  segment  bears  -^, 

6 

BO  that  the  **  Equiyalent  Loads  at  the  joints  "  are 

y^atASA";  JatB',C'V,C'',B-'. 

W 

The  Re-actions  are  -^  at  A'  and  A". 

arVcrdrd'o'Va'mar  is  the  "Polygon  of  Loads." 
Step  U.—  Eetolution  of  Loads  at  tJie  joints. — The  Polygons  of  Forces  at  the  joints 
taken  in  SQCcession  are 

h'a'mph'  for  joint  A'  ;        ma^Vprn  for  joint  A'', 
c'h'pq'ti'  for  joint  B'  ;        pWe'q'p  for  joint  \!ir, 
d'c'q'r'd'  for  joint  C  ;        f(fd^'f^^  for  joint  QT, 
r'q'pm^r'  for  joint  M'  ;     Nmp^r^N  for  joint  M''. 
^Ti'r'Nr'rf"  for  joint  V. 

General  Formula, 

BW 
T/  =:py = my  coeec  mpy  =  {md'  +  rf' J') .  cosec  *  =  -r,-  cosec  i  (Thrust). 


12 

12 


5W 
W  =  mpsz  my  ,  cot  mpy  =  -j^  cot »  (Tension), 

T/  =  ^V  ^  _  ^„^,  _  ^,^, 

T. 

W 
S/  :=i?j'  =  n^' ,  cosec  £'/?»  =  d^m  ,  cosec  *  =  To"  •  coeec  i  (Thrust), 


'r  =  ^'^  1  =  S'y  =  ^'^'  •  cowc  dYlf'  =  Y  *^^*^  *  (Thrust). 
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S,'  =  q'r'  =  e'd'  ==  ^  (Thriut), 


S/  =  r'N  =  Vr'n"  +  nN«  =  V^^'w*"  +  iq'n  .  cot  ^'Nii)« 

H  =  iwN  =  my .  cot  mN</  =  (12"+  "e")  •  cot  t  =  —  cot  »  (TSmtMii). 

AlBO  T/=  T,'  ;  T/  =  T/  ;  T,'  =  T/ ;  #/  =  #f ;  9/==  3/ ;  8/  =  S/ ;  H'=  H^ 

Con^trtic^ton  for  Normal  Load, 

Frame-diagram,  Fig.  23  (0).  Stress-diagram,  Fig.  23  (if). 

Step  L — Polygon  of  Loadt  — The  rafters  being  trisected,  each  segment  of  the 
rafter  A'V  bears  |  of  the  whole  Wind-pressure  W,  so  that  the  Eqniyalent  Loftdf  ftt 
the  joints  are 

~  at  A'  and  V ;  ^  at  B'  and  C . 
o  o 

The  Re-actions  are  R' =  W  (1- J  see*  i)  =  HW',R''  =  W'.i.secM  =  11 W, 
by  Eq.  (18),  Art.  128  :  also  aTlTrnV a' ta"  is  the  **  Polygon  of  Loads." 

Step  H,^ Resolution  of  the  Loads  at  the  jointM.^The  Polygon  of  Foroes  at  the 
joints  taken  in  succession  are—* 

b'a'tp'b'  for  joint  A';        ta'p^M  for  joint  A*. 

mbyqm  for  joint  C ;       P^a'p"  for  joint  B"  (not  loaded). 

/.  The  Bar  B*^!*  is  not  strained,  and  S,*  =  0,  also  T,*  =  T,". 

h'mqrlT  for  joint  C;        p'o,'p'  for  joint  CT  (not  loaded). 

/.  The  Bar  Of  M*  is  not  strained,  and  S,*  =  0,  also  T/  =  Tj*. 
rqp'tjfr  for  joint  M';        p'^p   for  joint  M* 

/.  The  Bar  M"V  is  not  strained,  and  Sf  =  0,  also  H*  =  H. 
a'b^rp'a"  for  joint  V. 

A'.J9.— The  Results  T,'  =  T/  =  Tj',  and  Sj"  =  0,  87  =  0,  8,"=  0,  are  the  direct 
consequences  of  the  joints  B",  C,  M'  being  unloaded  :  these  Results  might  haye  been 
foreseen  from  the  considerations  given  in  Art.  125. 

General  Formula. 

T/=p'y  =  f  J' .  cot  zp'b'  =  (r'  -  ^  )  .  cot  »  ( Thrust). 

H'  =  «p'=  ty .  cosec  €p^b'  =  (R'  — -- )  .  cosec  i  (  Tension), 

W 

T/  =  qm=i p'b'  ^p'n  =p'&'-  qn  cot  qp'n  =  T/-  -5- .  cot  2t  {Thrust). 

o 

W 

S^'=p'q  =  qn  ,  cosec  j^n  =  -5-  .  cosec  2i  (  7^n«0« 

w 

S/  =  jr  =  jN  .  sec  N^r  =:  —  .  sec  i  {Thrust). 


STRESS    DIAGRAM. 


PLATE  II. 


Fig.  23  (*). 
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Fig.  24  {b). 
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H/  =:f«=«|>'-p'iissij/-8|/.coe<=Hi'-8/.co8f=(B'- -y  ).etmecHTm 

/ w •    w  / 

T/ ==rr==rtf +|»*m==i7»'« .  tan  ry'tf +1IW  cot  i^*'«===^'- ^ 
8,*  =  0,Q'  =  0,S,''=0. 

EXAMPLB    10. 

DeBcripttan, — A  Bymmetrical  Qaeen-post  TrasB  of  64^  span  with 
ters  trisected  by  the  braciDg. 

Conditiom  and  Notation  (see  Arts.  127,  128,  147).— W  =  40,000 
w  =  1,000  lbs.,  w'  =  2,000  lbs.,  W  =  12,000  IbB. 

This  TruBB  is  the  Bame  and  under  the  Bame  Load  aa  in  Ex.  2  of  Met] 

Constniction  for  Vertical  Load, 

Frame-diagr&m,  j^Y^.  26  (a).  Streas-diagram.  Fig.  26  (ft). 

Step  L — Polygon  of  Loads, — ^The  **  Eqniyaleiit  Loads  at  the  joints "  are 
£z.  8,  except  that  owing  to  the  addition  of  the  Loads  w  on  the  Ridge,  and 

(W 
— 

at  V,  and  w'  at  M'  and  M*. 

Also  the  Re-actions  are  ( — ^ h  w')  at  A',  A'. 

Taking  separate  Load'linefl  (as  directed  in  Ex.  5)  for  the  Loads  on  Rafte; 
Tie-rods,  it  follows  that  (the  lines  a'a'^  a' a'  overlapping) 

a'Vc'dTd'c'Va^a'aa"  is  the  Polygon  of  Loads. 
Step  n. — Resolution  of  Loadt  at  the  joints. — The  Polygons  of  Forces  at  th< 
taken  in  succession  are 

Va'ayV  for  joint  A'  ;        aa^lTp'a'  for  joint  A". 
eh'p'q'&  for  joint  B'  ;        p'b^tTq'p"  for  joint  B\ 
q'p'a'mnq'  for  joint  M'  ;      nma'p'q''n  for  joint  M*. 
d'c'q'n^d'  for  joint  C  ;      jVrf'N/ij"  for  joint  (T. 
iTd'^a  for  joint  V. 

General  Formula, 
T/  =  p'V  ==  h*a*  .  cosec  Vp*a*  =  {Jl/m  +  ma')  .  cosec  t. 

/SW       w  \ 

H'  =  oy  =  Va' .  cot  Vfa'z=^\r^  +  Y  "*"  ^'-^  '  ^^*  '  {Jtnxion), 


STRESS    DIAGRAM. 


l 
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T/  =  rtT^^a^'.  coeec a''rh''=  — .  ootec  2  t  iThrmst). 

T/  =iry=z  m'h".  cot  a'ry  =  ^ .  cot  2  i  iThrusty, 

H    =«i  =  «y  -^'«  =  H'  -  S'.C08  t  =  (R*  -  y)  <»^  »  KTemsiam). 

H*  =  ip'  =  M»  cosec  «?"«  =  (K* 1-)  .  coeec  i  {Teiuiom). 

*^  =*r  =  «p'.cot«fy''=Q*.coti  =  — co8eci(J»n»*^). 


Caution  to  Students. 

The  following  mistake  is  very  frequently  made  by  beginners  in  finding 
the  Stresses  in  Trusses  by  Method  i  (Method  of  Resolution). 

Take  the  simple  case  of  the  simplest  TmsB,  Fig.  16  (a)  :— HaTing  ascertained  the 

W 
"  EqiiiYalent  Load"  on  the  rertex  (Y)  to  be  -^,  they  proceed  to  say  that 

W 

**  The  Stress  down  YA'  or  VA*  produced  by-^iB  clearly  (  0  equal  to  the  resolred 

w  w 

part  of  -^  in  those  directions,  i.^.,  to  -^  sin  i. "    Now  this  is  only  partly  tme,  i^., 

w  w 

-^  sin  i  is  only  a  part  of  the  Stress  produced  by  the  Load  -^  :  it  onght  to  be  evident, 
from  mere  inspection,  that  the  "  Direct  Resistances  "  of  the  rafters  A'V,  A'^  at  the 
point  y  mnst  neceuarUy  be  together  g^reater  than  -^,  because  neither  of  them  direct- 

T^  W  W 

ly  oppose  the  Load  ---,  whereas  the  result  -^  sin  i  obtained  above,  is  less  than  •--• 

(becaose  sin  i  is  necessarily  <  1). 
The  fact  is,  that  the  Direct  Resistances  of  A'V,  A*y  at  Y  mnst  be  together  exactly 

W 
so  much  greater  than  the  (Yertical)  Load  — ,  that  the  som  of  their  vertically  resolv- 

w 

ed  parts  shall  balance  -^,  i.^., 

T'cos  A'YH  +  T'  cos  A'YH  =  (T'  +  T*)  sin  i  =  ^ (i). 

Bnt  inasmnch  as  their  horizontally  resolved  parts  must  balance  each  other  to  main- 
tain equilibrium  at  Y, 

T  Bin  A'YH  =  T'sin  A'YH,  whence  T'  =  T*, (ii). 

W 
Hence  from  (i),  T'==  -j-  cosec  i  =  T*, (iii). 

Observe  that  this  result  is  the  same  as  obtained  in  Ex.  (1)  of  Method  ii. 

The  mistake  alluded  to  can  never  occur  in  use  of  any  gpraphic  method  (this  is  one 
great  advantage  of  Method  ii),  nor  can  it  occur  if  the  particular  train  of  reasoning 
adopted  in  this  Manual  (jtee  Art.  132 — (1)  and  (4),  also  jast  stated  above)  be  inva« 
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BOW'S  METHOD  OP  LETTERING  FRAME-  AND  STRESS- 

DIAGRAMS. 

In  his  "  Economics  of  Gonstrnciion/*  Mr.  R.  H.  Bow  has  introduced  a 
method  of  lettering,  which  possesses  great  advantage  when  the  dia- 
grams are  complicated,  as,  by  his  system,  it  is  easy  to  tell  at  a  glance 
what  particular  line  on  the  stress  diagram  measures  the  stress  in  any 
giyen  piece  of  the  frame.     **  This  plan  of  lettering,"  remarks  Mr.  Bow, 
«*  consists  in  assigning  a  particular  letter  to  each  enclosed  area  or  space 
in,  and  also  to  each  space  (enclosed  or  not)  around,  or  bounding,  the 
truss,  and  attaching  the  same  letter  to  the  angle,  or  point  of  concourse 
of  lines  which  represents  the  area,  in  the  diagram  of  forces.     Any  linear 
part  of  the  truss,  or  any  line  of  action  of  an  external  force  applied  to  it, 
is  to  be  named  from  the  two  letters  belonging  to  the  two  spaces  it 
separates;  and  the  corresponding  line  in  the  reciprocal  diagram  of  forces, 
which  represents  the  force  acting  in  that  part  or  line,  will  have  its 
eztremiiies  defined  by  the  same  two  letters."     The  enclosed  areas  have 
been  called  pens. 

Figs.  18  (a')  and  18  (6')  to  24  (a')  and  24  (ft')  show  this  method 
of  lettering  for  the  corresponding  Figs.  18  (a)  and  18  (6)  to  24  (a)  and 
24  (ft),  which  have  been  already  dealt  with.  The  method  of  lettering 
explains  itself.  Thns,  pen  B  of  Fig.  18  (a^)  is  bounded  by  the  bars 
BO,  BA^,  and  BA',  the  stresses  deyeloped  in  which  will  be  found  shown 
in  Fig.  (6')  as  stresses  BO,  BA'',  and  BA'. 

Again,  the  stresses  meeting  at  the  point  in  which  pens  O,  A',  B  and 
A''  meet,  and  which  may,  therefore,  be  appropriately  described  as  point 
(O,  A',  B,  A'O  are  OA'',  A'^B,  and  BO,  the  stresses  in  which  will  be 
found  showft  under  exactly  the  same  letters  of  Fig,  18  (ft').  So  for  any 
other  frame. 


144(  MOTH  OK  wiND-pnmuRii  on  bbidosb, 

presBure  on  the  windwaTd  side,  bat  on  the  leemrd  and  side  faca  i 
Tlie  wind-Btream  impinging  on  a  flat  surface  is,  in  fact,  deflected  k 
irbat  in  the  manner  depicted  in  the  accompanying  sketch,  so  tliat 


prcBHnre  on  the  windward  Borface  ia  due  to  convexity  of  the  stream-] 
irhile  on  the  leeward  side  (he  eoticavity  of  the  same  lines  prodat 
negative  pressure,  or  relative  vaciiam. 

"  According  to  Dii  Duat  and  Thibault,  the  total  pressure  of  a  rai 
etrenm  of  wind  or  water  upon  a  fixed  body  is  considerably  greater 
the  resistance  opposed  by  the  fluid  to  a  body  moving  at  the  same 
city  J  but  in  either  case  the  pressure  upon  the  front  EUrface  accoani 
only  (wo-lhirila  of  the  total  force,  the  remaining  one-third  being  di 
the  negative  pressure  upon  tite  rear  surface.  Thia  applies,  bowcrt 
the  case  of  a  thin  plate  only  ;  and  if  we  take  a  rectangular  body  ol 
other  proportions,  it  appenra  from  the  experiments  of  Da  Buat 
Diichefflin  that  tlic  pressure  on  the  front  siirrace  will  be  analt«re<l  < 
the  negative  pressure  at  the  rear  is  redueed  by  increasing  the  thicknt 
the  plate,  or  the  length  of  the  body,  in  Ihe  direction  of  the  wind-stri 
and  therefore  the  total  wind  force  will  depend  upon  thia  dinienaion.  1 
taking  the  clTective  wiud-prct<i>are  upon  a  thin  plate  as  unity,  the 
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the  mazimam  pressnre  per  sqaare  foot  allowed  by  the  Board  of  Trade 
RegnUtiont  is  56  lbs.,  although  a  pressure  of  about  85  lbs.  would  OTer- 
turn  most  carriages  ruumug  on  our  railways.  In  France  the  wind-pres- 
sure is  taken  at  60  lbs.,  and  in  America  at  80  lbs.  on  large,  and  40  to  50 
lbs.  on  small,  surfaces ;  the  maximum  pressure  recorded  in  the  Mauritiua 
hurricane  of  April,  1892,  was  62*7  lbs. ;  among  all  these  there  is  much 
discrepancy. 

If,  then.  Professor  Eemot's  experiments  are  reliable  we  may  absolute- 
ly neglect  considerations  of  wind-pressure  in  roofs  up  to  80^  slope,  ex- 
cept in  the  case  of  open  sheds,  and  then  every  precaotion  should  be 
taken  (and  is  generally  neglected)  to  meet  a  pressure  coming  from  be- 
low. When,  for  instance,  the  wind  blows  with  violence  into  a  railway 
shed,  which  is  closed  on  three  sides,  and  open  on  the  windward  side— 
a  (iommon  case — it  tends  to  lift  the  roof  on  the  leeward  side,  and  if  the 
roof  be  carried  on  ordinary  king-post  trusses,  the  struts  on  that  aide 
tend  to  become  ties,  the  principal  rafters  to  buckle,  and  the  whole  roof 
to  rise  off  the  wall-plate.  The  remedies  are  obvious,  thoagh  never  ap- 
plied ;  the  junction  of  strut  and  principal  should  be  secured  with  a  strap, 
the  truss  fastened  to  the  wall -plate,  the  wall-plate  anchored  into  the 
wall,  and  the  members  of  the  truss  on  the  leeward  side  in  exposed  situ- 
ations adapted  to  meet  both  tensile  and  compressive  strain* 
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X^p.^Z^  rmmtM  mmm  ia  te  above  Table  Aoold  be  earefnUy 
011017;     ^-^^  "^''^  ^  TynfMt>  7f  die  fioDoviBg  eooaideniCioiie  :— 
Conunu  JO  acmufr^.i:,  3mait  C3}  a<  aHamn  6 ;   (8),  Tbe  feet  tibit  i 

mif orml J  loaded  Is  twice  m 


F. 


tf.  LiL 


!• 


U. 


L 


F^.  Sa. 


U ar -  —  ->#- x' 


P'j' 

l' 


X 

L 


PV' 

L 


Fig.  4a. 


x'i 


P'x' 


eabjected  to  en  eqallal 
itnted  At  ita  middle ;  (IX  Ihi 
atreo^  of  •  beam  find  AM 
cnda  is  |  thet  of  one  foppoiiriil 
boch  enda.    Then,  taldaig  Cm  ft 
(/V-  1'}  aa  the  ataiidaidona.il ■ 
aeen  that  the  conditioaa  ibvaam 
J^  2a  are  the  aame  aa  tboK  ia 
Aa^the  beam  Ft^.  la  aDlyRTONi; 
hence,  if  the  beam  length  L  (fifi 
la)  a  on  the  point  of  breaking  nds 

a  load  P,  the  cantUerer,  Icngth-p 

Flf.  2a,  will  eaterisp^rihulitm 

tbe  point  of  breaking  onder  a  wogk 
p 
-2-.    Hence  a  cantilerer  of  mbi 

material  and  of  length  L  will  be  oa 

p 
point  of  breaking  under  load  -r-. 

SimilariT,  if  load  P'  (i^T^.  Sn)  isoa 
pdnt  of  breaking  the  beamlengtk 

L,  a  load  -=—  will  be  jost  on  the 

loint  of  breaking  the  cantilerer, 

length  X*,  shown  in  Fig,  ia.     Hence 

a  cantilever,  1  foot  long,  would  jo^ 

P'ir'.r* 
break  nndcr  load  — = — ,  and  a  cinti- 

IcTcr,  L  feet  long,  under  load  . 

But  by  previoos  reasoning  thi*  can- 
tilever M  four  times  weaker  than  a 
mmilarly  supported  beam.  Hence,  if 
F  jost  break  latter  (Case  iii),  we 
must  have 

4* «         •  '^  mm 


orP'rs 


159.  Fixed  Beam. — It  would  appear  from  comparing  Resalts  (6, 
V,  N)  with  (11,  10,  11)  rcspectiycly  that  the  Ultimate  Strength  of  a  snp- 
jmiiIimI  noiiiu  Ih,  ill  each  case  of  Loading  set  forth,  increased  by  fixing  its 
t>iii|ti  ill  tlio  ratio  3  :  2. 

I'lino  Hi'tiilts  0*t  1^.  10  are  quoted  from  Barlow's  Strength  of  Materialt,  Ed. 
IHI.i.     \Wn\\\{  \^\f)  wa4  obtained  by  T.  Barlow  5y  actual  experiment  on  Ultimatl 
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Load. 

ShMfing 
force  =  F. 

Interral. 

Fx  intenral. 

M  =  bending 
moment. 

Tons. 

Tona. 

Feet. 

Foot-ioiu. 

Foot-tona. 

At  point  A*» 

26| 

•  • 

•  • 

0 

From  A"  to  », 

26| 

4 

1061 

•  • 

At  point  6, 

6 

1  • 

•  • 

)06A 

From  ( to  r,               •  • 

20| 

5 

103i 

•  • 

At  point  9,                 •• 

0 

I  • 

•• 

209| 

tftOlf, 

111 

9 

1041 

•  • 

At  point  if, 

10 

1  • 

•  • 

8i4i 

dU>e, 

11 

7 

Hi 

•  • 

At  points, 

18 

1  • 

•:« 

•• 

825| 

etof. 

"I 

18 

1471 

•  • 

At  point/, 

5 

• 

•  • 

1771 

/to/, 

-161 

8 

ISl 

•  • 

At  point/, 
gioK\ 

7 

281 

2 

*46| 

m 

m  • 

At  A', 

28| 

• 

•  • 

0 

177.  Mntudl  rOoHan  qfT^  M.^Dy  the  Notation  explained  in  Art.  164,  M  and 
M  4-  aH  denote  the  Bending  Momenta  at  two  iuoeenive  sections  whose  abscisssB 
are  •  and  m  +  A*»  lespectiTelj.  Now,  it  is  easily  seen  that  Results  (11(7, 14<;,  15^), 
Art.  176,  are  all  expressibie  in  form 

%£^jf  Z  I  where  z  =  distance  of  the  Resnltant  Force  F  from  the  \   /|g^ 
\     section  at  r,  .• > f 

HcDoe  at  the  iueoeiHv$  section  (the  segment  A*  being  unloaded),  F  does  not  vary, 

and  X  becomes  (x  +  ax) 

M  +  aM  =  F  (x  +  Axi  =  F  X  +  F  .  A«,  (for  Ax  =  A«) 

.*.  aM  =  F  •  A>^,  and  — —  =  F,  for  detached  Loads, (17a). 

Hence  ultimately  if  A*  be  infinitesimal 

—  =  F  (for  coDtinaoas  load), „ 07b), 

Also  integrating  results  (17— a,  b)  between  proper  limits 

M  ss  S  F  .  A9  for  detached  Loads,. (18a). 

=  /  F  dx  for  continnons  load, (18*). 

[i^.  A—The  expreesions  of  this  Article  are  obyiooBly  tme  whertver  the  origin  T>e, 
the  o-axia  being  horiiontal]. 

From  the  expression  AM  =  F .  A«i  it  is  obrions  that 
**  If  the  Shearing  Force  F=  o  throogboat  any  finite  segment  A«,  the  i 

Bending  Moment  is  constant  thronghont  that  segment," j ^  ^^* 

178.  Maziinuin  Bending  Homent,  M..— This  is  the  most  import- 
ant quantity  in  the  Theory  of  Transyerse  Straio,  as  its  magnitnde  and 
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8L    Supported  Beam  under  uniform  load  —  to.  Fig.  12. 

Fig.  12. 


Fig.  12  P. 


Fig.  12  M. 


A  O  A 

fl/,  x",  C  ve  the  distances  of  any  section  P  from  A',  A'l  O  respectivelj. 


I  •«••! 


(40). 
(41). 


-  W  =  -  wZ,  R'  =  W  -f-  2  =  R', 
Load  on  A'P  =  —  wx'  ;  distance  of  its  C.  G.  from  P  is  ar'  -i-  2,  i 
Load  on  A*P  =  —  «?«•;  distance  of  its  C.  G.  from  P  is  *'  -f-  2, }  " 

General  Mule, — For  uniformly  loaded  beams,  measure  distances  from  centre. 
Take  the  formnls  which  inyolre  (. 

By  the  Results  (8, 15,  or  15^) 

F  =  R'  -  ic*'  =  w  ^i  -  «')  =  to .  C, (42). 

.•.F  =  0,  when  C  =  0,i.«.,  at  O,  and  increases  gradually  (+  towards  A',  —  to- 
wards A*)  as  C  increases,  attaining  a  maximum 

Fni  =  ±  W-f-2,  when  C  =  ±Z-7-2, ..(42a). 


Also  M  ==  R V  —  tax' .  -;r-  =  wat^ .  — r-—  =  w  —^j 

=*^- 2 =*^-  ^-, 


...(48). 


/•  M  is  at  a  maximum  when  {  ==  o,  «. «.,  at  the  middle  O  of  the  beam,  and 

Mm  =  w7.-5-  =  w.-5-  =  i  "WZ,  at  the  middle, .....(44), 

Since  F  oc  |,  its  graphic  representation  is  clearly  the  straight  line  Y^OY'  through 
O,  whose  extreme  ordinates  A'Y',  A'TT"  represent  Fm  =  ±  W  -r-  2  on  any  scale  of 
loads,  {fig.  12  F> 
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Thxonghoat loaded  segment  (•^  <«iOi  F=R'— w*'  =  —  R''  +  w  («^-fl?,»),^ 
Thioogfaoat  unloaded  eegment  (x^  <  tii'^fFsz  —  R", 


Fa  =  gieater  of  B',  R'',  =  R^  (since  A^Q  is  loaded), 

=w(i-0«»(i!if^ 


K«). 


>(«). 


Tbrooghoat  loaded  segment  (•'  <  »/)i  M  =  R' »'  —  teas' .  -g-*— — ..^ 

At  Q,  the  end  of  the  load,  M  =  R^  ^i^ 

Throoghont  unloaded  segment  (x^  <  r|^),M  =  R'^  x^,. 

Since  M  is  a  maximam  where  F  =  o,  i,e,,  where  «/  =  jp/  f  1  —  •Tf\  or, 
R'lstor' ^ 

Since  F  =  R'  —  toj/  from  A'  to  Q,  and  s  —  R'^ from  A'^  to  Q,  which  equations  in- 

Fig.  18  F. 


X    mb  I 


vol  re  a'  only  in  fint  degree,  the  locus  of  these  equations  must  be  two  straight  line^, 
which  may  be  drawn  by  plotting  the  extreme  ordioates  A'V,  Q^  upwards  and 
downwards  to  represent  R',  —  R^  on  any  scale  of  loads.  Next  draw  qY^  parallel  to 
A'A'^.  Then  the  crooked  line  T'^T^  is  the  figure  which  by  its  ordinates  represents 
F,  Fig.  18  F  ;  and  at  O',  F  =  0. 

Since  M  sa  RV  —  k'  77-  from  A'  to  Q,  and  oc  a'  from  A''  to  Q,  the  locus  of  these 

Fig.  13  M. 


equations  is  clearly  a  parabola  from  A'  to  Q,  and  a  straight  line  from  A^  to  Q. 
Plot  ^Q  upwards  to  represent  R^Xj''  (the  value  of  M  at  Q),  and  join  A'g.    Fig.  13  M. 


*  x'fj^  mflana  *  abiciaa  of  Least  Shearing  Force.' 
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il.    Segment  m^*  loaded ;  then  at  any  lection  in  the  unloaded  segment  9{  imf  <  «*) 

> 
,and  is  therefore  greatest  when  xl'=iQift (56&). 

Fig.  15  P. 


F  =  R'  =  w^ 


Hence  in  both  cases  (t.^.,  in  all  cases  in  an  unloaded  segment), 

F  U  greatest  when  the  segment  U  fully  loaded^  and  the  greater  of  these  1    ^gg^v 

two  maxima  occurs  when  the  longer  segment  is  fully  loaded, * 

Next  (to  meet  the  case  of  a  loaded  segment),  suppose  the  Load  to  advance  beyond 
the  section  at  ar'  or  a/'  so  as  to  cover  a  segment  (x'  +  A*')  (or  x"  +  A***)  respectively 
in  the  Cases  i,  ii  above.    Then  it  is  easy  to  see  that  of  the  respective  Re-actions, 
i.    R"  in  Case  i  is  increased  by  only  a  part  of  the  Load-increment  to .  A'^  Y  ^ 
ii.    R'  in  Case  ii  is  increased  by  only  a  part  of  the  Load-increment  w .  ^x",  i 
*  Suppose  the  moving  load  has  covered  a  length  tt*  of  the  bridge  and  reached  section  a  p. 

A   t     The  Shearing  Force  for  all  sections  to  the  left  of  a  0  in 

T  •• 

I    f  this  position  of  the  load  is  a  constant,  and  =:  B's  j-j  c**  j 

Tlias  P  =  I7  (x')». 

Now  suppose  the  load  to  move  a  little  farther  towards 
A',  through  an  additional  distance  A^'* 
The  weight  of  A''  being  =  w^x',  the  new  value  of  the  shearing  force  at  section  a  0  =  (re-ac- 
tion at  A')  -  A^'w- 
Re-action  at  A*  now  =  ^(x'  +  A  *')»  =  ^  {  *"  +5^' A^  +  (A*')*}  an«  neglecting  (A»')*a« 

being  very  small,  we  have  new  Shearing  Force  =  F  =  l-jT"*    +  7  *'A*'j  -  i»A''=  ^  + 

But  since  f  is  >  x*,  (x'  —  /)  is  negative,  and  therefore  F*  is  <  F,  or  F  is  diminished  by  an  advance 
of  the  load. 


1 


I 

I [ 

kAiT  «- X' 


■/  ■////v//M////////.''y//'//?^//;'r^'iimi»'' 


I 


^.^x^- 


B 


tax 
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whereas  the  nsnal  formnla  for  F  (tee  Eq.  8)  requires  that  the  whole  Loed'inerement 
to  •  A^«  or  to  .  A**  be  dedocted  from  the  respective  Re-actions  R''  or  R^,  so  that  the 
Shearing  Force  F  U  actvally  diminished  hy  an  advance  of  the  Load  beyond  the 
section. 

CombiDing  this  with  the  precedmg,  the  important  resnlt  follows — 

"  The  Greatest  Shearing  Force  (under  uniform  travelling  load)  at  any  I   ...v 
particular  section  occurs  when  the  longer  segment  is  fully  loaded"  ...  / 
and  has  for  its  algebraic  loimnla 

p=:  the  greater  of  w  — ,  -  w  -gj-, 


=  ID  "ST-  from  A'  to  O,  and  —  uj  --  from  A"  to  0, 

These  clearly  attain  their  maxima  at  the  supports  A',  A"  where  x''  =  l  =  x'  (their 

greatest  yalaes),  so  that  the 

1^/           W 
"  Maximum  maximormn  Shearing  Force,"  P-  =  ±  -^r-  =  ±  -;r-, (674), 

and  they  are  clearly  least  at  the  middle  O,  c'  =:  -r-  =  x^,  so  that  the 

"  Least  or  *  Minimum  maximomm  '?|- I ^W  

Shearing  Force*' -  f'«^|  —  ±'^i-±-8~**^- ^^^''^' 

Since  F  oc  x*^  from  0  to  A',  and  oc  a?"  from  0  to  A",  and  since  y  =  ~   repre- 

^a 

sents  a  parabola,  the  graphic  representation  of  F  is  a  portion  of  a  pair  of  eqnal  opposite 
parabolflD  tonching  A' A'  at  A',  A'  which  are  their  vertices,  their  axes  being  the 
verticals  through  A',  A"  (Fig.  15  F).  Then  if  the  ordinates  A'Y',  A^'Y"  be  plotted 
above  and  below  A' A*  to  represent  F„  =  d:  J  W  on  any  scale  of  load,  and  F'  OF"  be 
drawn  through  O  perpendicular  to  Y'OY"  to  cut  A"Y'  in  F',  A  'Y'  in  F* ;  and  F'  D", 
F"D'  be  drawn  parallel  to  A'A" ;  then  F',  F"  will  be  the  foci,  and  D'F^,  D'F'  the  direc- 
trices of  the  required  parabolsa  which  may  now  be  graphically  constructed.  The 
latos  rectum  of  the  parabol®  may  also  be  calculated  from  the  equation, 

Latns  rectum  =  4  F^A'  =  4  F'A"  =  ^~^j  =  ^.  (where  Y  a=  AT'). 

Observe  that  Y'OY''  is  a  tangent  to  both  parabolie,  and  that  Om'  =  |  Y  =  —  Omf. 
Compare  the  construction  in  Fx,  2. 

Observe  also  that  the  pair  of  parabola  are  together  a  complete  graphic  representa- 
tion of  the  various  phases  of  Greatest  Shear,  thus — 

The  upper  parabola  represents  (by  its  ordinates)  the  Greatest  Shear  at  each  section 
as  the  Load  moving  on  from  the  left  (as  in  £q.  566)  gradually  covers  the  span,  and 
the  lower  parabola  represents  the  same  at  each  section  as  the  Load  moves  off  the 
span  towards  the  right  (as  in  Eq.  56a j:  again  if  the  Load  move  on  from  the  right 
and  leave  hy  the  left  then  effects  are  reverted.  Lastly,  the  figure  Y'w'm'Y"  (a  part 
of  both  parabola)  represents  what  has  been  denoted  by  F>  the  Greatest  Shear  at  each 
section  under  all  circumstances  of  the  Load.    (Eq.  57a). 

Either  from  these  curves  or  from  the  equations  for  F  (i  and  ii)  may  be  seen  the 
important  result 
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-     ■■■■■  "m  ynorifiQ  '     .i,  th*j  She:  •  :  '• .  -  ■-;!  :i.   1  *,  . 

.  ».-  •  './  t'tr  pusji.:t:-:  -, '  thi  Load,'* -  *  " 

■  ■;'..  -appose  the  sc-nitat  x/  loa-it-    .:  —-.  l.-:ii  wjt* 

.:.  avied  segment  (jr/  <  j-';  sec  Eq.  C'\    I::-  >  — 

.:; ;  ±ercfore  at  any  r art:: alar  sect:.-    .-'  ::ii:-r:.  :> 

.  tf  Ijrtd  increases,  and  is  g:c,'.:cst  when  .r  '  =  .-        .  »_;3 
Awi'.cs  the  seetion. 
J  ai'&Dccd  heyond  the  section,  which  thns  f^ll*  —  :'i:  l.iiti 

Tx.  ?,  ar.d  therefore  at  a  particular  sect::::  (.-*  xz-'i'.') 

-  ;-:*tt*t  when  H'  is  {rrcatcst.     Now  it  is  ea»v  ::  *-.-:  :':  ^ 
.  creases  with  the  Load,  and  is  greatest  ^^Lvl  lii  1  ii 
-,  ,-^.4;c5>t  Load). 

•  ATiioular  section  M  increases  with  the  Loa:.  =-:■  :ia:  ti: 

"  ■';/  ^fomrnt  (vndrr  uniform  travt'lHug  .'■  j  "    1  /•;  > 
.  J  ;  idnntli/,  viz.,  whcfi  the  tj>an  Igfulbf  l-ndc d,"  J  ^"  ' 

.      1 ;  cnovf/Ji  to  stand  the  Jiendimi  act'fn  >  *'  .:  , 

v'tU  also  bear  it  if  ant/  jtortion  be  re.;* -lc-:  -    ,"-'"  ■ 

■  ili.'ws  that  the  expression  for  the  "  Grcate^t  P»c:..:ir.£:  M?- 
.ic  is  the  same  as  for  the  "  Bending  Moment  "  in  Hx.  ?,  v::.. 

x'  r"  c^  —  V 

.i\-:i:v>riim   Bending  Moment"  occurs  at  tlic  nii.l.iic  i."'.    r 
^.    -»'  y  =i  W/.  and  $a,b  =  0, (:..•.■. 

.     '.'.  v»t  M  is  the  same  as  for  M  in  Ex.  8.  a»v  /V//.  12  M. 

■  '.  •/,/,;•  uniform  load,  .yfradjf  and  jnorinr/  (—  ;/•',  —  ■  •";. 
vati'd  bv  comhiiiinj:,'  the  nsults  of  Ex.  8  and  1 1. 
.;. valval  Shear  F  Ji"d  Greatest  Bendiii;;  Moment  M. 
.    ^■.u!od  both  with  its  own  wei;;ht  and  witli  a  rapid; \  i:..-'\- 
.     .  .  \i'«;th  is  a  very  im])ortant  j-ractical  instance  of  this]. 


\-iholoni' move  on  frnrn  A',  tlio  Fhcnrinp-F-rcoi  :-■  riri!  n 
soofi(>M)i:<  obviously  </'ifr/;/fr/n/.*  (boijjj^'  iii:in<.:ii.'iil,y  -  \  • 
11  )   bei-an-ic  tlio  whole  appliisl  lo^ii  i.«.  on  th-i!  .>i  it-.     W:.- 1. 
till!  wliole^'fimcnt  jr'  i.-*  li..uk-.l.  Flin^  it>- i:rr,it.:r;t  ti.'-rm.-.it  d 
\  alue.      As  ."■ivri  a*  ific  tr.'mft  /c/t/  /kix  ;.(J.vj.«  J  on  t-jw  ir-'..-  A  ' 
!U1  '  lln'.S<-(.Mll.Mit,  ./•'  i.SUIlloil'lO'.l  j\ii.) ./  ■  fully  l.-:vl»>.J,  F  hi.j-  ite 
^rt'iitot  vnntrd  vuluo,  fur  thi.n  all  tho  i.'ud  is  on  .',-.''.•  ^l  I-., 
Hiul  F  =  R',  an-l  is  uficird.      I'urim:  tli'»  <.■••.' /^.m/ ; 'jt.«  i  ; 
I  j'.i.-.-' thiuut^h  vuhio  zuo  ill  tbaiifc'ing  foniiiiUou.-Iy  UuU-a 
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Dj  the  resnlts  of  Ex.  8  and  11, 

p  =M;'(|-x')+«7^^froiiiA'toO .) 

from  A'  toO I 


=  u/C  +  m/' 


Ac 


(60*). 


p   ^tc'{l-x')-u/'^tromK''toO, | 

=  -  »'  C  -  ttT^  ^-^-j^  from  A"  to  O, f 


(G0>). 


W 


F    =±(w'  -^  uj^  -x  =  ±  —  tii  A!  or  A"", (60r). 

F    =  ^  u^  .  "^t  uid  occars  at  O  ;  ^  =0,  • .•••...» «.•—...— .(00c). 


M  =(u/  +  ti^). 
H 


2 


=  (u?'  +  tt/^  . 


2 


I  •■••  ••••••»• 


=  (IT'  +  ic^)  ^  =(tc'+  ttOj  =g  w/, 


.(6U). 
.(61*X 


iV. A— These  F  are  o^  coarse  only  the  ** Greatest  Shearing  Forces"  and  are  + 
(upwards)  from  A'  to  O,  and  — >  (downwards)  from  A^  to  O.  It  mnst  be  remembered 
that  the  Shearing  Force  has  a  lesser  maximnm  which  maj  be  0/ opposite  «if»  to  the 
preTions  P,  viz. : — 


F  =  tc'  C  —  «^  • 


(g  -  O' 

4c 


from  A'  to  O, 


=  -  «?'  C  +  tt/'.  ^JLzI]!L  from  A"  to  O, 

4c 


(eoa*). 


(For  a  detailed  interpretation  of  these  Equations,  vide  note  at  end  of  the  Article). 


Fig.  16  F. 


The  graphic  representation  of 


18 


clearlj  part  of  two  equal  opposite 
parabole,  whose  ordinates  are  the 
sam  of  corresponding  ordinates  of 
the  {Fiffs.  12  F,  15  F)  for  F  in 
Es.  8j  and  F  in  JSx,  11,  bat  as 
these  canres  would  be  trouble- 
some to  construct,  it  is  usual 
(though  less  exact)  to  proceed  as 
follows,  iFig,  16  F)  :— 

Plot  the  pair  of  parabolas  repre- 
senting the  part  of  F  ^^e  to  the 
moving  load  uf  precisely  as  in 
jEx.  11  (Fig.  15  F),  also  plot  the 
oblique  line  y'y^  representing  the 
part  of  F  clae  to  the  steady  load 
10' as  in  Ex.  8  (Fig.  12  F),  except 
that  it  is  to  be  plotted  on  the 
»  opposite  side  of  A'A^  (to  the 
plotting  of  Bt.  8).  Then  the 
breadth  of  the  figure  enclosed  between  the  paraholse  and  the  line  y'y^'  represents  F 
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due  to  an  equivilwit  Dniform  load,  and  apprQiimate  more  to  and  nlllmatel;  e<diid(le 
witb  tbat  line  ai  tbe  namber  of  diTiBiona  (»)  ii  incroaBcdJ. 

Fig.  17.  Fig.  18. 

^Number  qf  hayt  etm).  {Nttmhtr  tjf  h»yt  tidd}. 

2 — r*  ■'  *  Ia'     4  9  [>  f  '  1a' 

-w  -w  I     -w  -w     ^  ^    ~w  -w  I     -w  -w     H 


/■^.  17  F. 


i  Fig.  18  F. 


Fig.  17  M. 


-    -L^-..... 


F^.  18  U. 


OP  OP 

Again,  as  AM  =  F.  A»or¥.  a|  (Art.  1T7),  it  Ueasj  to  bm  that— 
(c),— the  SbearioB  Forne  being  constant  throngboDt  a  ba;,  tbe  Bending  MomeDt- 
Tarialion  (fhrooghont  a  haj)  will  iavolre  the  flrtt  power  only  of  jt  or  {,  so  that  the 
'  graphic  representation '  of  tbe  Uending  Moment  nil)  be  some  itraight  line  throngh- 
ont  each  bay. 

(d),— the  Shearing  Force  decrement  being  constant  from  baj  to  ba;,  i.«.,  propor- 
^onal  at  each  Joint  to  the  nDmber  of  bays'  distance  from  the  nearest  snpport,  i^.,  to 
the  abscissa  «'  or  e",  the  Bending  Moment-increment  at  each  joint  will  in»olyo  the 
sqoare  of  tbe  pama  abscissa  (,*'  or  a/'), — {rii,,  once  as  entering  into  the  expressloo  for 
"snm  of  toads  between  the  section  and  nearest  support"  of  Art  ITS,  Eq.  16e.  and 
once  as  entering  into  the  expression  for  the  arm  of  leverage  of  the  same),— so  that 
the  "  graphic  representation  "  of  the  Bending  Moment  at  each  joint  is  Ui«  ordinate 
of  a  parabola. 


ABT.  182.  ]  KXAMPLB8   OF   F,   H.  189 

Hence  by  (0)  and  (d)  tbe  "  graphic  representation  "  of  the  Bending  Moment  is 
a  rectilinear  polygon,  »ee  F%g».  17  M,  18  M,  inscribed  in  a  parabola,  viz.,  in  that 
parabola  which  is  the  'graphic  representation*  of  the  eqniyalent  nniform  load,  Me 
Fig,  12  M,  Ex.  8.  This  polygon  approximates  to  and  ultimately  coincides  with  the 
parabola  as  the  nomber  of  diyisions  is  increased. 

Let  d/  =  abscissa  of  a  section  at  P  hettoeen  r^  and  r+l**»  joint  from  A%  ije.,  in 

ther+l"»  bay  from  A'. 

Now,  Length  of  r  bays  =  r .  - 

II                         I 
.*,  tr'>r  -,  <  (r+1)  -,  or  =  (r  +  p)  -  where  p  is  some  fraction, (70). 

Also  Load  on  segment  x'  (which  indodes  r  joints)  =s  -^  r  w, ^  (71 ). 

Space  indaded  (between  1"*  and  9^  joint)  =  (r  -  1).  -, (72a). 

n 

Distance  of  9^  joint  from  section  F  is  =  p .  -,  ^ (726). 

ft 

.*.  Distance  of  centre  of  gravity  of  Load  (— rw)  7   i-j-ir   —  n  ^  ^72  V 

on  the  segment »',  from  the  section  i        '^'n  ''n         ^ 

/.  By  Besnlt  (I6c),  (70— 72<?) 

Bending  Moment  l„      .,,  .     .,„/     .^  — 1\^ 
at  any  section  I  \  2    /  n 

(n-  1)^,     ,    .  Z         „    /       r-l\  Z 
=  -2~-'w(r+p)--rW.(^p+-_)- 

=  -— .rW-  +  (-^-r).pw-^ 

This  expression  consists  of  two  portions — 

(«),— the  left  hand  portion  depending  on  the  nnmber  (r)  of  complete  bays  between 
the  section  and  support  A', 

(/), — the  right  hand  portion  alone  depending  on  the  fraction  of  a  bay  ^p  -  ^  between 

the  section  and  r^  joint— and  vanishing  at  a  joint 

It  is  nsnal  (in  practice)  to  calculate  the  Bending  Moments  only  at  the  joints,  {for 
irikich  (/)  vanishes},  thus 

Bending  Moment  at  r«»  joint  is  M  =  — ;r—  •  rw  -, (78tf). 

This  quantity  is  greatest  when  {n-ryrla  greatest,  i.e.,  when  {  7-  -  (| - 0  } 

ia  greatest,  which  clearly  has  for  its  absolutely  greatest  value  -j- ,  viz.,  when  r  =  -. 

4  « 
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right  sapport  Draw  the  shearing  force  and  bending  moment  diagrams,  and  deter- 
mine the  position  and  valae  of  the  maximom  bending  moment. 

Am, —  Vide  Ex.  9,  p.  176.  The  section  of  maximum  bending  moment  ia  4  feet  to 
left  of  beam's  centre,  and  its  valne  is  384  foot-tons. 

VII. — A  beam  is  supported  at  the  ends  and  loaded  nniformlj,  and  a  single  weight 
W  is  suspended  at  a  given  point.  Draw  the  diagram  of  the  shearing  force,  and  show 
that  it  reailj  consists  of  portions  of  two  parallel  straight  lines. 

VIIL— A  freelj  supported  beam  of  80  feet  span  is  loaded  at  intenrala  of  8  feet  with 
weights  of  8  tons  each,  throughout  its  length,  and  a  concentrated  moving  load  of  14 
tons  is  rolled  across  it  and  back  again.  Draw  the  diagram  of  shearing  force  and 
determine  the  points  between  which  the  nature  of  the  resultant  shear  changes  during 
the  passage  of  the  load. 

iliw.— 6*6  feet  either  side  the  beam's  centre  (vide  Ex.  10  and  14,  pp.  178  and  187). 
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1^.    To  find  Ha  the  mawimum  number  of  plates  required  in  either  flange 
By  Art.  182,  Fm.  12,  the  actoal  *  oiasimum  Bending  Moment ' 
it  M.  =  i  Wl  inch-ponndBy 

=  i(tt/  +  to^)L*=|  X(4  +  I)  X  KX/ X  KXK  =  1250  ft  tona. 
•%  Ifaximnm  Longitudinal  Stress  C  or  T  =^  M.-i-<i'  =  i^  a  125  tons. 

•  if««i'mnm  fl.n»«  .m..    f  Af  =  T  -f-  #i  =s  125  ^  4|  ss  26-8  sq.  in. 
..Maximum  flange-areas   |  f,^^Q^,^  ^  126^8|  s  84-1  sq.  in. 

[These  two  resnlts  are  of  coarse  the  same  as  bj  last  process]. 
But  hj  Eq.  (90) 

A.  (i.*,  A t  or  A e)  =  «,  5r  +  a  =  »«  X  9^  X  r  +  4|  sq.  in.  =  |(ii.  +  l)8q.in. 

2 
,*«  Ha  =  integer  next  >  ~  Aa  ~  1 

{(—X  26«8  —  1^,  or  >  4,  i^.,  ss  5  In  tension, 
(g- X  d4«l  —  iV  or  >  6,  i,e.,  s  7  in  compression. 

Thns  5  or  7  plates  most  be  used  in  either  flange  near  the  middle  :  it  remains  to 
find  the  points  at  which  1,  2,  8, 4, 5,  6  plates  will  suffice  :  this  may  be  done  bj  either 
Method  2*  or  8". 

BCSTHOD  2^.  (By  calculation).— Dj  Art  182,  Ex.  12,  the  actual  Bending  Moment 
at  the  section  whose  abscissa  is  (  is 

Hence  bj  Eq.  (10) 

<•  Moment  of  Working  Resistance'*  s=  ^t  or  e  •  (nbr  +  a)  X  l(//t.  tom. 

.\  1250  -  ^  =  «t.,.(«  X  »•  X  r  +  *l  iq-in-)  X  lO' 

^  =  2,500  — 90.  «t«re(«  +  1). 
from  this  equation  +  H  the  abscissa  (distanceson  either  tide  of  middle)  of  the seetioa 
at  which  n  {ix-,  1,  2,  8, 4, 5)  plates  are  sufficient  is  easily  found  by  a  Table  of  sqnaresL 


1 
3 
8 

4 
6 
6 
7 


Tensioh-Flahob. 


90X^^X(a  +  l) 


840 
1,260 
1,680 
2,100 


1,660 

1,240 

820 

400 


•  • 


±1 


40-7  feet 
85.2  „ 
»6  „ 
20      „ 
at  middle. 


(;0MPBB8BICni*Fl«AJIOK. 


11 


»OX-jX(«  +  lj! 


660 
MO 
1,820 
IJSSO 
1,260 
2^10 


{• 

±i 

1,840 

42^  feet 

MIO 

«M   ,. 

1,180 

84^4   „ 

850 

»«    n 

820 

22-8   „ 

180 

18^   ^ 

•• 

ataiddku 

Hbthod  8*  (by  graphie 
8tbp  I.— Constmct  the 


AnrA^wua 


Ae  Bcafin 


[uT.  197. 

(M)  u  in  Buinple  IS,  Art  18S,  g.v.,  Ukiog  OT  to  nprannt  M ■  s  1,960  foot-tou 
on  anj  tola  of  momonU  (OT  b  <»ie  ioch  on  Kala  choaen).  Thij  ihonld  in  Betnal 
dnigning  be  dnwa  to  k  large  Male,    Two  uch  cnrrea  ibould  be  drawn,  i^ ,  one  foe 


Fig.  21. 


^^^- 

/H 

/^ 

K 

_ ■   ■  '  ■■    . 

SmU  Af  SO/oM  ta  m  nut. 


SeaU  of  \2iafMA-Uxtu  U  a%  iiuA. 


Stbp  n.— B;  Eq.  (10)  h« '  Moment  of  WorkiDg  Beeistaoee '  eorreaponding  to  n 

^  =  «,„,(ii*T  +  a>.iJ', 

=»inf.(«x  9"x  r  +  *t»q.in.)10'/!.-'<w*,  =  »,«(X4|  xlOx(i.  +  l>, 

=  t6(ii  +  l)X  (fior»c)/'--to«. 

=48  X  -J-  X  {»  +  1)  in  tension,  or  15  X  -g-  x  (• +  >)''>« 
This  mnit  be  calcolated  for  ererj  valne  of  n  from  1  to  a  = 
flange,  T  in  compreiaion  Singe. 


,.  {.  c,  S  in  h 
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LineB  are  now  to  be  drawn  right  acroM  the  ennre  of  Bending  Moments  parallel  to 
tiie  base  of  the  ennre  (the  ^-axiB)  at  the  distances  (from  it)  which  represent  the 
aboire  If  omenta  of  Working  Besistance.  The  intersections  of  these  with  the  ennre  of 
Bending  Momenta  are  the  reqnired  points  at  which  each  plate  may  be  "  stopped/' 
and  the  'stepped  figure'  thns  obtained  is  dearly  the  'graphic  representation*  of 
tbe  *lffoment  of  Working  Besistance '  thronghont  the  Beam. 

[It  is  obTions  that  in  this  method  the  construction  effects  graphically  the  solution 
of  the  qoadratlc  equation  used  in  the  second  method]. 


2   B 


rui.m 


CHAPTER  IX. 

Prffae4.—[la  thit  Copter  tin  Uwi  of  TBAHBTIBSE  Stkair,  9TU>«TB,Mi 
Resistance  ijt  general  will  be  ioTeUigaled,  and  gm^mtl  exprenumi  wiD  inkmk 
for  thB  LoNOiTUDiXAL  STKBsaxs  (BcwUncM  C,  T)  and  for  tti«ii  Mokkr  ()I» 
meat  of  RduUiux,  fBL)'\. 

198.  Longitudinal  Stnia-Tmriation  through  a  oroas-sedioiiiii 
alighils  bent  Beam. — This  is  ucerUioed  hj  the  fijUowing  rei;  importttt 
experimeut  on  vhich  the  whole  theory  of  reaJatance  to  bending  ia  b 

Experiment  {Pig.  22a).   A  vertical  straight  line  AB  is  dravn  on  thebn 

of  a  horizontal  '  Bnpported  Beam,'  (vrith  two  Tertical  plane  faces.)    !Du 

Beam  ia  then  loaded  rerticallj  in  anj  manner,  and  is  foand  to  deSectn 

bead  slightly  from  its  (oTiginally)  horizontal  position,  (if  the  IiOad  ii  not 

Fig.  22a. 


too  great,)  and  the  (originally)  vertical  line  is  found  to  have  changed  its 
position — but  without  sensible  distortion — i.e.,  it  becomes  an  oblique  line, 
wbidi  remains  scuaiMj  straight  so  bug  as  the  Beam  is  only  slightly  b«nt, 
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,|.^i-31|i  *h  M-,^ 

•.|=<%|-.-.|«  ^|,  ■:■!"•  j.^ 

-Th-I 

,hsi.-,|.  *h  ^!_"„]. 

-I-A 

,|«!i|-.-.|«  s-i^.  '■p^i- 

,,_. 

••['■(.l-"!-'  fth  '^^'-'h 

^I'-l 

•,|«X|-.h  *|M  -l'-.i» 

S|»l 
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*    3 

^       ^1       III 

:    ? 

i       -.1       ill 

S    g 

•»"  1 
II 
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ns^Mdy  =  Homeai  of  the  partial  Stran  «7^«  J^\  11;  ) 
OTer  the  band  at  PP^  aboat  the  «-axis,  GO'  ^Fij[  22*:.^  J    '  ^*  ^ 

The  Moments  of  the  Total  Crnshmg  and  Tensile  Sueeca  C,.  T  abcvt 
ilie  z-aziB  are  of  coone  =  the  soma  of  the  partial  atiBCKts  ^ttcb  Vj 
fbimola  (14)  of  the  Stiesaea  whidi  make  iq>  C,  T.  AI20  sz=iee  C,  T  cc»- 
atitate  a  couple  (Art.  172),  their  Momenta  are  iwMiripf,  (tLe  iabdenieT  to 
rotation  being  in  8ame  directionX  and  their  mm  ia  the  Total  Jl-jBogmX  41 
of  the  BeaiBting  eoople  C,  T^ 


Moment  of  C  =  ^^T^l  f'^i 
Moment  of  T  =  «t  /^*  fzd^ 

.-.  *  Moment  of  Resistance/  M  =  ^«^/^*  5*^5  +  '«^«-/^'  f^^St  (1^/- 
Hence  in  isotropic  material,  for  which  «rc  =  X7t  (Art.  201;, 


=-/. 


Jr^DjTt  •••••••••  ••••••••-  •••««*CI  v0l. 


=  «  I, (16*). 

The  qaantity/^''  ^^Jf  ^^  ^  recognized  as  the  '  Moment  of  Iner- 
tia '  of  the  whole  area  of  the  eroas-section  g^*  zdw  about  the  r-azis.    It 

is  oonyeniently  denoted  bj  the  letter  L 

This  expression  is  of  course  equiralent  to  iS  =  Cd^  or  Td^  of  Arts. 
184,  205,  and  from  it  (and  £q.  16a,  h)j  d'  can  be  calculated. 

207.  Calculation  of  jt,  Jc,  I.— The  quantities  y^  JTc  being,  at  aoj  sec- 
tion, the  distances  of  the  neutral  axis  from  the  conrex  and  concare  sides 
of  the  Beam,  may  be  found  bj  elementary  Geometry  as  in  Art.  201, 
wheneyer  the  centre  of  grayity  of  the  secticm  can  be  so  found — as  to 
which  for  simple  cases,  9u  Art.  202. 

The  calculation  of  I  can  be  effected  in  only  a  few  cases  of  simple 
geometrical  figures  by  elementary  Geometry,  but  eren  in  these  cases  its 
calculation  is  troublesome,  and  it  would  be  then  preferable  to  use  the 
simple  formula,  M  =  Cd'  or  Trf'  of  Art.  205 ;  C,  T,  d^  being  given  hy 
the  better  known  analogies  of  elementary  Hydrostatics,  as  explained  in 
Arts.  200,  203,  204. 
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Croas-aeetion. 


Position 
of  sectioQ. 


d' 


•8 
M 


H 

O 


I! 

» 

& 

O 

M 
GO 


Rectangle, 
Square, 


»now  rectaDgle,         ••  I 
\  d'  ontside;  h^  d  inaiclc, ) 


HoUow 

ft'. 
Hollow  Bqnare,  ••  ( 

d'  ODtside  ;  d  inside,       ) 

Verj  thin  hollow  eqaare,  I 

tsthickneaa,  ..  | 

Ellipse,  •  • 

Circle, 


Two  sides 
yertl., 

Diagonal 
vertL, 

Two  sides 
TertL, 

Two  sides 
vertl., 

Two  sides 
▼ertl. 


12 

48 


12  V         l/d'*J 
12    V        rf'V 


■  • 


Hollow  ellipse,  • . 

y ,  li'ontside ;  h,  d  inside, 
Hollow  circle,  • . 

d'  oatside  ;  d  inside,  •  • 

Very  thin  hollow  circle, 
t  =  thickness,  ••        .. 

I-aection  (equal  flanges), 

J/fd'  ontaide  ;  d  inside, 
^^snm  of  breadths  of 
hollows,  •  • 

I-section  (eqnal  flanges), 

ft.itontsidej  •• 


One  axis 
vertl., 

One  axis 
vertl., 


Web  vertl. 


/3=  web-thickness, 
^  =  flange-thickness,  .. 
/3,  t  both  small,  • . 

I-section  (equal  flanges) 
with  open  bracing,     • . 

Flange-thickness  =  t, 
d'=,  *  efPective    depth ' 

=  (rf  — o»-» 

Where  <  is  small, 


Web  vertl. 


Web  vertl. 


8  • 

w 
64 


d 


64  V         l/d'*  ) 
64  V         dV 


tr 

T 


d 


12   V        b'd'^J 
12V  d   ^    d) 


12W 

1    ±t 
2*  d' 


2 

2 

1^ 
2 

\^ 
2 

J_ 
2 

J_ 
2 

\^ 

2 

2 

2^ 
2 


2 


2 

2 
2 


6 
24 


6  V        P5^»^ 
6  V         rf'V 


w 
32 


32  V        *'<«'*  / 
82  V         <<'V 


6  \         y<i'»/ 


6   V  6"^  rf^ 


A.+6Att 
6W« 

d' 


*  I  being  taken  about  axis  poMing  throngh  centre  of  grayity  of  section, 
t  For  rabetitatlon  in  formnla  286. 
{Theie  reenlUare  op/tfcximalioiM;  enfflcient  in  praoUco  under  conditione  etatod. 


222 


TilANBTBRSB   STRBMOTn. 


[  ART.  208. 


rs 


II    11 


II 


a 
o 

o 


g 

I 


a 
o 

•«.■ 
O 

i 

2 

o 


-la 


C4  |03 
f-i|eo 


-l§ 


•|.  O  .|.  '   * 


•I 


O 


*4 

o, 


+ 
< 

«        • 

II    II 


< 

+ 


II  < 


+ 


<|2 


<|2 


S 


;-Fs 


04 


?H4 


« 

< 


II 


o 


1 

8> 

•a 


4    ? 


a 

Q 


'SNoixoas  lYoiaxaiiiusNxi 


•a 

3 

I 

I- 

•3 

00 

i® 

t*  o 


«22 
^& 

P   o 

—  •♦^ 
a  o 

!•? 

^  ft. 

«> 


224 


TRAM8VBRSB   STRBVGTH. 


[  ART.  209. 


/.  I  =  Ibt^  +  iht  {h  +  2k  +  ty  +  tV  ^*'  +  >*(§+ 1* )'  +  ^  ^*"»  -(23). 

This  Kesolt  is  easily  enoagh  calculated  numerioallyf  bat  is  not  often  reqnired  to 
such  accaracy  as  given. 
It  is  obTions  that  the  most  important  terms  (if  ^,  A,  r  be  snuUl)  are 

I  =  ibt  (A  +  2A  +  0*  +  '^^  (g  +1*)' -(28*). 

Other  terms  may  be  iocladed  according  to  the  degree  of  accuracy  required. 

Ikt,  3.  Seetiom  unttymmetrieal  about  the  neutral 
axit.^In  these  cases  the  most  conyenient  plan  is  to 
find  the  neutral  axis  as  indicated  in  Art  202,  and 
mark  its  position  on  the  section,  then  break  up  the 
figure  into  simple  figures  whose  Moments  are  already 
known,  meaturing  from  the  scale  the  distances  of 
their  centres  of  gravity  from  the  neutral  axis. 

Take  the  foot-rail  in  Fig,  27  as  an  Example. 

G  is  found  by  experiment ,  Art.  202. 

The  quantities  k'^  h\  h",  k\  t  are  obtained  by  mea- 
surement from  the  scale. 

The  Table  shows  the  values  of  i»  y  >  a  of  formula  (21)  for  each  component  figure. 


1 
a 

y 


I 


Table, 
231,  83S. 


HlAD. 


BllipM. 


^bk' 
4 

A' 


wan. 


Rectangle. 


*    rA'> 


T7 


rA' 
2 


Rectangle. 


V  rr» 


T¥ 


rA" 

r 

2 


Poor. 


Triangle. 

Rectangle. 

uV  B'J- 

T\fB<» 

\Wh- 

Tit 

h'  +  1*- 

A'+r+l 

(24). 


.M  =  ^6*"  +  -^  bh'  (V   +  i'  )'+  A  (rV  +  M-'  +  B*")  +  'i 

,',b'a''  +  ^  +  ^+4B'a-(a'  +  |J-)+b<(a'+*'+|)  j 

This  result  could  be  easily  calculated  numerically  :  its  most  important  terms  are— 

I  =  -^M'(V  +£.)'+ B«(A'  +  r+|y (24a). 

Others  could  be  included  according  to  the  accuracy  required. 

209.  Modifications  of  Eq.  16a,  b, — By  Art.  199  the  iy^o  moat  intense 
stress-intensities  occnr  at  the  upper  and  under  surfaces  of  the  Beam,  and 
are  in  isotropic  material  (in  which  *U5c  =  tUt  ="  'CT,  Art.  201),  7>c  =  'CT  yc, 
;?»  =  tsy  yu     Hence  by  Eq.  2,  16,  19,  20,— 
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IB  =s  n^  I  =  n  .  ^  .  h^, (25a). 

=  fi  .  I,or|i  .  I, (256). 

y«  y% 

=  :r'  •  F«  •  *^»  ^'  :r>  ^»  •  *^» C25c). 

=s  2fi'p  .  Jd*  (in  sections  symmetrical  aboat  the  1       f  25ci) 
nentral  axis  for  which  w/  =  i  =  i»e') J  "* 

210.  Ifamintim  Streai-intensities,  pa  Pi. '^Combining  Eq.  (256)  with 

the  '  Eqaation  of  Moments  \  |B  s=  M, 

Pc  =  —  .yc, (26a). 

Pt=  -y  .yt, (266). 

The  CAlcalation  of  M  has  been  explained  in  Art.  176,  et  seq.,  and  of 
jft,  yei  I  in  Art.  202,  207,  208,  so  that  Eq.  (26a,  b)  enable  the  maximnm 
(longitudinal)  stress-intensities  actually  produced  in  a  given  Beam  by  a 
giTen  Load  to  be  calculated  for  any  cro8S-section« 

211.  Design  of  Scantling. — The  Maximum  stress-  (i.e.,  resistance-) 
intensities  developed  in  the  material  at  any  cross-section,  p^  px  given  by 
formuln  (26a,  h)  should  obviously  not  exceed  the  limit  of  '  proof  resistance ' 
of  the  material,  (Art.  6 — 22,)  otherwise  the  material  would  bo  permanently 
injured :  moreover  beyond  this  limit,  being  the  same  as  the  '  limit  of 
elasticity'  (Art.  88),  Hooke's  Law  is  inapplicable,  so  that  all  the  results, 
Art.  199,  et  seq,,  which  are  essentially  based  on  Hooke's  law,  would  be 
inapplicable.  Bat  further  for  a  permanent  structure,  it  is  obvious  that 
the  maximum  stress-intensities  developed  ought  to  be  identical  with  the 
'  working  resistance  intensities '  of  the  material,  which  have  been  denoted 
by/c  -r-  «,yt  -T-  «,  and  also  by  5ci  *t  i^^  -A.rt.  31,  54. 

Hence,  in  a  well  designed  structure, 

pt  =/t  -f-  8ypc  =/c  -T-  «,  and  (27), 

*  Moment  of  working  resistance,'  fSi  =  the  lesser  of '^•^^-^—  l/-^-^—  I,  (28), 

(according  as  the  Beam  is  liable  to  fail  by  crushing,  or  tearing). 
These  are  usually  included  in  one  expression — 

/   .1. M 

'  Moment  of  vTorking  resistance,' ^  c=  "-^-^  .  I,  (28a), 

=  -J .  =7-  •  *^' (28*). 

in  which /b  -r-  y'  =  the  lesser  of/t  -t-  yi, /«  -r-  yc,  (see  also  Art.  213), 
mnd  n',  m  are  the  factors  explained  in  Art.  207. 

2  a 
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Although  ihe  abore  conditions  conld  not  be  physically  realized,  the 
explanation  aboye  is  nseful  if  only  as  famishing  a  conception  of  a  physi* 
cttl  meaning  to  this  co-efficient.  (Compare  the  meaning  similarly  assign- 
ed to  Et,  E.  in  Art.  94). 

The  'Modalns  of  Transverse  Strength'  (/b)  differs  also  in  an  import- 
ant manner  from  the  Modnli  of  Tensile  and  Crushing  Strength  (/t  and 
y«)y  and  from  the  co-efficient  of  Transverse  Strength  (pb)  in  that — in 
consequence  of  condition  S^,  Art.  214, — it  has  really  no  physical  existence 
4»paTtfr<nn  some  divisor  {s)  sufficient  to  reduce  it  below  the  'proof  stress  \ 

[It  is  suggested  that  for  this  reason  it  shoald  never  in  formaln  be  separated  from 
the  diTisor  («)  neoessary  to  its  physical  existence  :  in  this  Manual  the  two  are  always 

written  together,  e.g.,  /b  ->  #»  —  whenever  this  is  possible]. 

217.    Discrepancy  of  Results  f),  =/c  or/t,  and/b  =  18/?b. 

By  definition  {see  Art.  218)  of  the  *  Modulus  of  Transverse  Strength  ', 

fb  = /c  or /t  according  as/c -r  yc  <  >fx^yx, (38a), 

I.e.,  according  as  the  material  is  liable  to  fail  by  crushing  or  tearing. 
Also  by  the  reasoning  in  Art.  216, 

/b  =  18pb, (38^). 

The  above  definition  of  <  Modulus  of  Transverse  Strength '  is  that  of 
Professor  Rankine*  :  the  relation  /L  =  ISpb  is  also  adopted f  by  him. 
In  fact  both  statements  (d8a,  h)  appear  to  have  general  acceptation  :  they 
«ire  however  clearly  discrepant,  for  a  very  little  examination  of  the  Tables 
of  Constants  of  Strength  (/«,  fx^  ph)  will  show  that  in  most  materials 
meitherfc  nor/t  are  equal  to  ISph,  so  that  the  statements  (38a,  b)  do  not 
«gree. 

The  cause  of  discrepancy  is  not  well  understood :  it  is  involved  in  the 
msme  obscurity  as  attends  the  cause  of  identity  of  form  of  the  Results  of 
3iiethods  i  and  ii,  (Art.  215.)  The  explanations  hitherto  proposed  are 
unsatisfactory. 

[  The  following  explanation  is  proposed  by  the  author  of  this  Manual,  viz.,  that  the 

identity  of  form  of  the  two  resnlts  W  x  bd^-r-l  of  Methods  i  and  ii,  is  an  identity 

^nljf  of /arm  not  amounting  to  equivalence^  so  that  the  Resnlts  of  the  two  Methods 

•flu-e  not  strictly  comparable,  and  the  soK'-alled  relation  /b  =  18^b  (depending  on  their 

'Comparison)  is  not  really  true. 

To  understand  this,  reference  most  be  made  to  the  fundamental  experiments  of 
Arts.  158  and  198. 

•Banklne'fl  •*  Manaml  of  CiTil  Bngineering,"  5th  Ed.,  Art.  163. 

t  Bankine'c  *•  Maniul  of  CItU  BngiDeering/'  5th  Bd.,  Appendix,  Tmble  IV.,  Note. 
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Now,  bj  Ex.  6,  And  Sx.  8  of  Art.  18S. 

Um^i  X  I  X  S4(r  -f  i  X  6  X  24(r  =  900  mmtA-^m*. 
And  b J  last  Example  jf«  s=  0*  =  y ^  I  s=r  868. 

M.  Urn 

Andby  Art  210,jRc  =  jN=-^  •?«<»—  •  Ki 

800 
.*.  J'c  =  Jh  =  §68  ^  •  ==  •  ^  *°"  pw  iq  in. 

Aaun-A— Tbit  is  dourlj  loo  giMi  a  Sfrwi  iiif Uy  m 

AmL  54  }  «t  =  54  *0B>  P«r  tq.  in.) 

Hftd  Um  •eetaoQ  noi  been  eyiBmatriea],  the  Beximmn 
aol  bave  been  equal,  bat  would  haTe  been  given  by  Eq.  (2€«,  4). 
-  Obetrre  that  Eq.  (26«,  4)  gire  the  Talnee  of  Ihe  maiiinnm  tirni  ialiiiliti  (^ 
^  a4  «fiy  s^ctioH  whoee  Bending  If  oment  it  11. 

The  Talnee  here  found  are  the  maximnm  Talnee  of  thoee  ■^■^**»*  thionghont  the 
Beeni,  and  may  in  fact  be  termed  the  *  maximnm  maximonim '  Htuni  iiiliMJIiie 

The  maximom  Steeae  intematiea  (jf^pO  ^^  abj  o^ber  aeetioo  vonid  be  foead  by 
■Bbetitnting  the  proper  Talnee  of  If.,  I,  pt$  ft  f^r  tksi  metUm  into  Eq.  Ste.  4. 
ThoB— 

Ex.  5.  Find  the  mBximiiiii  (longitadina])  ttFess-inteiinities  dereloped 
In  the  Benin  described  in  last  Example  nt  b  section  8  feei  from  the  middle. 

Solution --RtTt  n'  =  7',  x^  a  18',  C  =  r,  W  =  S|  toM,  w=r  |  ton. 

By  Ex.  5  and  Ex.  8,  Rq.  (48)  of  Art  188, 

M  =  4w»'  +  4ir<r'a^ 

=  tXiX84''  +  iXiVX84'X  156^  s  841  S  ineh-tona. 

Also  1  s=  268,  ye  =s  8^  =  yt  Aa  in  Ex.  4,  becanae  the  Beam  ia  oniform. 

Hence*  Art  810— 

M 

848 
.\p* ssjH  s  S2  X  8  cs  6*4  toMsptr  #f.  in. 
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It  may  be  shown  that  in  a  reciaogalar-aeotion  the  graphic  representa- 


Fig.  84. 


Fig.  Z\a. 


tion  of  Longitadinal  Btress  is  a 
pair  of  eqnal  opposite  irianglea 
{Big.  84),  and  that  of  the  Shear- 
ing Stress*  a  parabola,  {Pig.  d4a). 
The  figores  (84,  84a)  exhibit  the 
contrast  (in  the  case  of  a  reciaii- 
gnlar  section)  very  clearly. 

844.  NoU  on  vahu9  of  F. — 
Compare  Art.  196.  The  qoanti- 
ties  F  in  the  formnls  of  this 
Chapter  should  in  strictness  be  the  Aotual  Shbabihq  Fobobs  dne  to 
the  actual  distribution  of  the  Wobkimo  Load  (of  all  kinds)  calculated 
according  to  the  Rules  of  Chap.  YII. ;  the  Greatest  Shearing  Forces  (F) 
being  always  taken  in  cases  of  moying  Load. 

The  whole  of  the  principles  of  Art.  196  on  the  calculation  of  the 
Bending  Moment  (M)  are  also  applicable  to  the  calculation  of  the 
Shearing  Force  (F). 


•  For  an  elementary  proof  of  this,  ue  Col.  Wray's  "  Initruciion  in  Conatrnctlon,"  187S,  pagee  33 
to  3ft.  The  demonstration  ia  really  applicable  only  to  a  rtckmgular  tection,  althoush  not  eo  lUtAd  in 
the  Text. 


i 
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Much  more  oftre  and  skill  are  howeyer  required  in  6tting  together  and 

pnUing  np  a  corred  Bow  than  a  straight  Flange.     This  relative  disad- 

▼aatage  of  Bowstring  Girders  attains  great  importance  where  skilled 

labor  is  scarce  and  expensive  as  in  India. 

[The  Tbeorj  of  Bowitring  Girders  here  given  is  similar  to  that  in  Rankine*8  Civil 
KigineeriQg,  Art.  879,  and  is  simple  and  concise.  A  different  mode  of  calcalation 
•f  the  Stresses  is  given  in  an  Example  in  Unwin's  Wronght-Iron  Bridges  and  Roofs, 
Cpages  165 — 176,)  bat  it  is  excessive! j  lahorions,  and  does  not  appear  more  correct 
In  principle.  The  vertical  Bars  in  this  Example  are  said  to  act  as  Struts,  and  the 
Siisiwca  in  them  are  said  to  be  Thmsts ;  mi  explanation  is  however  given  of  this 
•ftaSement]. 


ART.  S6&b.  ]    irMHiiT  or  thmrt  or  TBinTEBiK  mxuvtn.  £73 

8np  n.    The  Pcdjgobi  for  the  jrinti  taken  In  ipeceMdon  ktc — 

ya'mp'y  for  joint  A'  j        mt^Vp'M  for  joint  A". 
a'M«'  fot  joint  a'  ;  ma'm  for  joint  a". 

[Thii  (howi  that  a'^,  a"^  an  Outraioed  Ban,  and  that  the  Straaa  on  each  oE 
tb«  Ban  A'a',  A'b"  ii  a  Thmat  equal  to  1  W]. 

p'inpp'  for  joint  fi' ;  mf/'pin  for  joint  /}". 

e'i'p'pg'a'  for  Jtnnt  B'  ;       pp''b''e"q"p  for  joint  B", 
i'fuiq'  for  joint  y'  i         .  m^/'^m  fot  joint  y, 
d'tfq'qr'i.'  for  joint  C  j        q^^^r^q  tor  joint  C*. 
r'gmqr'r'  for  joint  H,  wime  thg  'checic'  (Art  U4)  begins. 
tT^r't'd'  bit  yAat  V  ;  thii  pol7BOO  (preTioDtl;  drawn)  eoinplet«i  the  '  cheek' 
(Art.  144). 

Praetieal  S»m*rL — The  ntio  t:dia  thii  Example  Is  S  :  1,  which  ia  mneh  nuallw 
than  that  adopted  in  Engioeering  practice.  It  ia  adopted  hen  lolelj  bocaoie  it  giTSi 
a  aimple  fitreaa-diagram.  A  Oirder  of  10  or  men  baja  woald  be  mora  like  thoae  in 
radinarj  nae,  bnt  the  HtreM-diagnm  wonld  be  aomewhat  intricate  for  a  beginner. 

At.  9.  Warren  Qirder  of  6  eqnal  baje.  I/wd  applied  along  top  boom  0DI7. 
nraoea  at  anglea  of  SO*.    (Fift  8S«,  0). 

8tnM-ditgram,  (Fig.  88&}. 
PnuD»4iagnm,  (fff.  88a). 


8tep  I.    Load-pBlygom  aTh'e'^d't^b'a'inal: 

Snip  H.    The  PoljiooB  for  the  jointa  taken  in  gnceeeiioit  are— 

Vt^m.p'V  for  joint  A'  j         ma'Vp'm  for  joint  A', 
o'ma'  for  joint  a'  ;  «ta'm  for  joint  a'. 

[Thia  afaowa  that  a'fS',  a'&'  are  TJoitrained  Ban,  and  that  the  Stren  on  each  of 
the  Ban  A'«',  A'a*  ii  a  Tbmat  eqnal  to  )  W]. 

p'tpp^  for  jmnt  /S'  %  t»ifpm  tot  joint  ff', 

c'6»(VtorjointB' J        pp'h'e'q'p  for  joint  B". 
q'p»qq'  for  joint  7'  ;  mpq'jm  for  joint  7*. 

d'e'q'qr'd'  for  joint  C  j  qq'c'd'r'q  for  joint  C*. 

r'qmrr'  for  joint  S'  ;  iHqr'rm  for  joint  IT. 

^d'r'rr'^  for  jrfnt  V  i  this  poljgon  (already  drawn)  oonetitntei  the 'check' (Art. 
144). 

2   M 


■I 


iRING. 


Fig.  39a' 


PLATE    Va, 


w       w       w       w       w       w 

>  2 


^     H"  i    r 


K"    i     K'    i     J 


1^  u« 


H' 


i 


\ 


IT]     M" 

i  1 


N' 


N'    ;     M'    !U| 


i 


i     W  W  W  W  W  WW 

2 
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*«r.  S55b.  ]     sruuABT  or  thsobt  of  tmmbvkbsk  btbehgth.  27& 

[Thiiibanmlluta'^,a*0'arB  Umtnined  (Jars, alw  thu  the  Streu  on  each  of 
Um  Uara  A'o',  A'o"  i«  m  Thrust  cqui  to  |  W  ] . 

pW$'f'p'  for  joint  3'  i         B'a'p'q'P'  for  joints'. 

e'frVj'rV  (orjtHDt  B' ;        g'p'i'e'r'g"  for  joint  B'. 

r'f'JJ'j/i'r'  lor  joint  y'  ;        y'^j'rVji'  for  joint  y'. 

(fe'rVC^  for  joint  C'.j        t'r'c^n-  for  joint  C 

l'*'/«m'  for  joint  ?"  ;  myVCiiBi  for  joint  a'- 

fd't'aetbM'yaxA  V; tliii pol;gon (ilreadjdrftwn} coiutita!es tbe  ',cbeck '  (ArLH4). 

Bj^  4.    Sruced Btmntring  Oirdtr  a/ 7  aqual lnyi :  loaded  on  itring  {Pig-  iOa,A), 

StreBa-diagrun,  Fig.  40i, 

Fruw^dingrun,  fig.  Via. 


StKP  I.     Load-folygon  ma'fi'y'S'miTy'ff'a'm. 

[Obaerre  that  m>  the  Loads  are  applied  along  the  bottom,  the  upper  segment  a'  fl' 
of  (be  Load  line  a'a'  repreiente  the  Load  )  w  at  A',  fi'j'  represents  the  Load  at  P', 
asd  to  on — compare  Ex.  81. 

Step  IL    The  poijgona  for  the  jointa  taken  in  anccesvion  are — 

nut'fi'p'in  for  joint  A'-  ;        p'a'wpff  for  joint  A'. 

mp'q'm  tor  joint  B'  ;  j'^p")'  for  joint  B'. 

9'p'^'l''rVfoTJoint(J'j       y''S*l'V''r"  tor  joint  fl*. 

mq'r'i'm  for  joint  C  ;  i''q'tii^r'  ita  joint  C*. 

^r'Yi'f^  for  i<rfnt  y'  ;         fy'r'g'l!'^  for  joint  y*. 

■u't'x'M  for  joint  D'  ;  f't'om't'  for  joint  D*. 

li't'i'mBu'  for  joint  S'  ;  tmS't'H''v  for  joint  !.' 
Mii'vM*M  forJMnt  V;  tbia  polygon  (already  drBvn)canBtitateB  the  'check'  (Art  141). 
Tbe  frame-  and  Btreas-diagrams  of  tho  previonB  examples,  iigiireil 
Mcording  to  Hi.  Bow'b  method  (vide  Addendain  to  para.  147  of  Part 
I.),  are  HhowD  in  Plate  Va.  The  diagramR  explain  thomaelves.  Time, 
in  Pigs.  S7a'  and  376',  the  pens,  or  areas  bounded  by  load  lines  botii 
inside  and  outside  the  frame  being  denoted  as  shoirn,  the  alrcaB  alonf; 
tho  common  boandary  of  pens  A*  and  B*  of  Fig.  36u',  is  denoted  hy  tho 
atraight  line  A'B'  of  Fig.  386',  that  along  the  boundary  line  of  pens  F' 
and  K"  by  the  straight  line  F'E',  and  so  on. 
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longitndintl  stress  in  one  piece)  may,  as  a  rale,  be  determined  by  the 
method  known  as  Ritter's.  It  depends  upon  so  selecting  the  section 
that  only  three  pieces  o/thefrcme  are  cut  by  it^  of  which  two  meet  in  a 
point ;  and  this,  in  a  properly  constrncted  frame,  is,  as  a  rale,  possible. 
Taking  this  point  of  intersection  of  two  pieces  as  a  centre  of  momenta,  it 
is  evident  that  the  moment  of  the  resultant  stress  in  the  third  piece  mnat 
balance  that  of  the  forces  external  to  the  section,  t.«.,  the  bending  mo- 
ment at  that  section.  Thns  in  Fig.  40c  a  section,  vertical  or  otherwise, 
taken  anywhere  along  bar  EF  will  cut  the  three  pieces  OE,  EF,  and  FT, 
of  which  OE,  EF,  meet  in  the  point  marked  8.  Taking  momenta  about 
S,  we  see  that  the  moment  of  the  resultant  longitudinal  stress  in  bar 
FY  must  balance  that  of  all  the  external  forces  acting  at  the  seetion  in 
question,  that  is,  must  be  numerically  equal,  and  act  in  an  opposite 
direction,  to  the  bending  moment.  This  method  is  a  most  important  one, 
and  obviously  quite  general  in  its  application  to  framed  strnctares. 


'•   270.  ]  BAFTias   AND   PURLUS.  297 

Whence  h'  =  —  A  +  — ^  =  4M4 
1440  V     ^  46  / 

/.  J  =  y  +  r  ==  6'.48  +  4".14  =  l(r^2. 

TIm  Mantliog-dimeDsioiM  are  therefore  lO'f  X  12*,  nearly. 

J^ractieal  JB^marA.— The  scantling  required  in  so  large  that  it  ii  obviooa  that  Tim* 

ia  not  a  Tery  soitable  material  for  so  great  a  load,  neither  is  the  section  economical 

M  if  Sa  not  r=:  6  ^  8  approximately. 

Pwlint.—B  =  10^  B'  s=  8'i ,  u)  =  50  lbs.,  w'  s  80  lbs. 

BjKq.(24fl),M.'=|(60x  J  +  8o)  x  ^  X  lO' X  IC  at  86.000  iiwWftf. 

ByEq.(246),ll«*  =  ix«0x  yX  j-X  I O' X  K/ =  16,000  <Jk>*46#. 
Hence  bj  Eq.  (26)  making/b  -s-  «  =  12,000  ^  10  s=  1,200  lbs. 

»  =  «</-&$S=»</'^=»><  1-75  =  8-1. -rly. 
rf=sjjpB.»  =  -j^  X  8-6  =  8-2, nearly. 

Praetieal  iZMiarifc.— The  minimnm  scantling  for  TransTerse  Strength  being  8^'  X 
8'<8,  it  would  be  adyisable  to  increase  the  breadth  say  to  6**  to  rednoe  the  chance  of 
twisting,  and  make  the  scantling  6'  X  ^. 


2    Q 
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Aatbority. 


DMOripCioii* 


Load  par  tq.  fl. 


Hnrst's  Architectonil 
SuiTejor*8  Hand  book, . 
and  Molesworth^s'^ 
Pdcket-book, 


K e  aj  'b  ScantUngfl  for 
Flat  Roofs,  •• 


•  • 


FLOOB& 

Dwelling-honM  (inelading  weight  of  floor), 
Public  baildings, 
Lecture  rooms, 
Warehouses,  factories,  &c.,  „ 


ti 


ff 


Flat  Roofs. 

Two  1 Y  tiles  i°  mortar  with  4*  mortar  ter- 
race inclodingS*'  X  3*  wooden  joists  8' 
to  6'  apart, 


•  • 


•  • 


4^  mortar  terrace  on  4""  brick  arches  on 
wooden  beams  8'  apart, 


•  • 


U  ewt. 

]|to2 

11 

2ito4 

100  As. 


115 


If 


8*.     Pent  ^oo/«.— -A  Table  of  the  weight  of  ordinary  roofing  materials 
was  given  in  Art.  116.     The  following  additional  data  will  be  usefal : — 


TIMBBB  TrUSSBS. 


Spaa. 


Weiffht  of  Pruning' 

with  parllos  and 

ridge-boards. 


Weifrht  of  Tia- 
beam. 


si 


s, 


KiDg-poit, 


s 


Qoeen-poet,    •  • 


^    II    ^ 

3 


20^ 
80' 
40^ 
50' 
60' 


2  lbs.  per  sq.ft.,. 

2D)s. 

2  lbs. 

dibs. 

4  lbs. 


tt 


»» 


»r» 


}i 


11  lbs.  ^ 
20  lbs. 


-a 

o 
a 


18  lbs.  >  e 
20  lbs.      ^ 

u 

80  lbs.  J    S. 


e 

s 

« 

B 

CO 


I 


7 

3 


eoo 
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IBOK  TBUS8I9. 


a 

WlIOHT  PBB  BQ.  FT.  OF 
OOYBBBD  ABBA.  IB  POUBDB. 

Porllna, 

Prlaol. 
pall. 

ToUl 
Iron- 
work. 

Total 
wUh 

oovflr- 
ing. 

Antii^lly, 

VMfe* 

FMt. 

Pent,        ••        •• 

16 

•  • 

•  • 

•  • 

8-5 

•  • 

( 

87 

5 

1*1 

8^ 

4*6 

6*9 

40 

12 

2^ 

3*6 

66 

•  • 

■ 

i 

Q 
M 

1 

54 

14 

6-5 

8-0 

9-6 

«• 

Common  TniM,    • 

66 
72 

84 

6-5 

20 

9 

4-6 
4-2 
2-6 

7.0 
2-8 
6.9 

116 
70 
8-5 

•  • 

•  • 

•  • 

50 

10 

•  • 

•  • 

80 

5-2 

100 

14 

•  • 

•  • 

70 

9-0 

1 
1 

i 

180 
140 

26 
12 

•8 

•  • 

5-6 
4*5 

6*4 

•  • 

8H) 

•  • 

i  *  S 

Mandieeter, 
Lime  Street,        •• 
BirmiDghftm,       .. 

50 
154 

211 

11 
26 
24 

•  • 

•  • 

•  • 

4-9 

7-3 

9-6 

•  • 
110 

•  • 

•  • 

•  • 

S 
1 

f 

& 

Small  Corrnc^ated  1 
IroD,      ••        ••  1 

40 
60 

•• 
•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

26 
86 

1 

Strasbarg  Rail,    •• 

97 

18 

•  • 

•  • 

120 

•  • 

tS 

• 

OD 

Paris  Exhibition, 

158 

26 

96 

56 

150 

•  • 

O 
O 
P3 

Dablin, 

41 

16 

3-4 

7  8 

10-7 

•  • 

s 

Derby, 

81.6 

24 

10-8 

6*0 

16-8 

•  • 

Sydenham, 

120 

•  • 

7-9 

39 

11.8 

•  • 

Sydenham, 

72 

•  • 

8-4 

2-9 

11*8 

•• 

St  Pancras, 

240 

2933 

7-4 

171 

24*6 

•  • 

Cremorne,            • . 

45 

14*5 

62 

6.3 

11-5 

•  ■ 
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Oan« 


WiaOHT  OH  WBIXL8. 


Fore. 


Hind. 


Width  of 
Wheel- 
Traok. 


PiojacUon 

uf 
Carriage. 


WhMl* 


to 

00 

< 


^ 


7-in.  rifled  B.  L.   gan,  I 
(78^  cwt.)  on  wagon,  \ 

64-pr.  rifled  B.  L.  gnn,.,. 

40-pr. 

20-pr. 

12-pr. 

9-pr. 

13-in.  siege  mortar, 
10-in. 

8-in. 


»> 


ft 


If 


t* 


(» 


•I 


Heayt  Sisgb  Quks,  ... 

>  ArlA.CuIl4BBx|      •••  ••• 


OwT. 

82i 

80J 

25i 

15 

15 

14 

21} 

16i 


OWT. 

62} 

5'  1" 

2'  n 

78i 

6'  Sf^ 

8'  2*i 

52J 

6'  8"i 

3'  2"* 

80} 

6'  2^ 

0'  f 

20 

6'  2^^ 

0'  7* 

16i 

6'  2^ 

0'  8* 

75} 

5'  8"* 

8'  3"i 

87i 

4'  4^^ 

1'  10* 

23 

4'  4^^ 

I'  10* 

7'  0* 

IK  I'l 

11'  STi 

9'  n 

8'  iri 

8'  r 

8'  sr 

6'  (T 


The  weight  of  these  is  sometimes  excess!  re,  0.^., 

the  "  Woolwich  Infants  '*  weigh  45  and  80  tons. 

For  Weights  of  locomotive  engines,  see  Art.  272* 


JV.B. — Road  Bridges  are  rarclj^xcept  in  populous  towns— designed  to  bear  the 
weight  of  annsnally  heavy  siege  gnns  or  machinery.  In  the  country  U 
is  considered  sufficient  to  provide  for  the  ordinary  traffic. 


Authority. 


rescription. 


Load  per  aq.  ft. 


Rankine's    Civil    Engi- 
neeriug,        


Unwinds  Wrought-Iron 
Bridges,        ...        ...'^ 


TiMBEE  Road  Bridqes. 

Dense  crowd,  at  120  lbs. 

Planking  and  joists,  at  30  lbs.    ... 
Single  wooden  plntforra,      „, 
A  dd  for  stone  or  gravel  roadway, 


..  < 


Total, 


Iron  Road  Bridges. 


bs.  j 

»»    f     ••• 


(1).  Timber  plat/o7'ms  on  cross  girders. 
iJensc  crowd,  120  lbs. 

Timber  and  ballast,  90 
Cross  girders,  20 

(2).  Brick  Arches  on  Cross  Beams. 
Dense  crowd,  120  lbs.. 
Brick  arches,    48    „ 
Concrete,  36 

Asphalte,  6 

MeUlling,       118 
Cross  beam,      12 


••• 


150  lbs. 
100 


»» 


250 


t» 


230  lbs. 


340  Ihs. 
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depends  chiefly  on  the  weight  and  size  of  the  Engines,  which  again 
depend  on  the  traffic,  and  vary  therefore  greatly  as  may  be  seen  from 
the  Table— 


Engines. 

Length 
in  feet. 

Wheel- 

bsMln 

feet. 

Weight 
intone. 

Load 

on  one 

driving 

wheel  in 

tons. 

Anthority. 

s 

English  arerage, 

„     large  Tank  Engines, 
Great  Northern  of  France, 

25 
80 
87 

15 
15 
20 

30-86 
45 
69 

6-7i 

•  • 

5 

1  Unwin's  Wronght- 
>     iron  Bridges  and 
1      Roofs. 

-< 
as 

Great    Indian  ( Heavy, 
Feninsnla,    1  Light, 

Oadh  and  Ro-  j  Heavy, 
hilkhand,       1  light, 

SUte  Railways)  Average- 
Metre  Gaoge,;^^*"«^ 

26' e" 
24' 8* 

26' 10" 

24  2r 

65' 4'* 

40*  ir 

21' €• 

16' 8" 

14' r 

15' 
15*6'' 

20' 
14' 8* 

10' 

311 
26-5 

8415 
29-8 

32 
24 

16-5 

4 
3-5 

6-8 
5-5 

4 

•  • 

1 

MS.  information 
>-    from  Railway  au- 
thorities. 

(  State  Railway  Type 
1      Drawings. 

278.     Cross-Girdbrs. — The  Load  on  Cross-Oirders  yaries  greatly 
with  their  position,  and  shonid  be  specially  considered  for  each  case.    The 
following  are  typical  cases  according  to  the  classification  of  Art.  271 — 5*. 
]•     Rails  resting  on  the  Main-Girders, — No  Live  Load  on  Cross- 
Girders  :  Dead  Load  of  platform  of  one  bay  approximately  nni- 
formly  distributed  oyer  Cross-Girders. 
ii.     Rails  resting  on  Cross- Girders, — The  Live  Load  on  each  track  is 
the  Load  on  a  pair  of  driving  wheels.     The  Dead  Load  is  that 
of  platform  of  one  bay  approximately  uniformly  distribated  over 
Cross- Girders, 
ill.     Rails  laid  on  Longitudinals. — The  Dead  Load  is  the  weight  of 
platform  and  Longitudinals  of  one  bay.    The  Live  Load  is  that 
due  to  the  Load  on  driving-wheels,  and  depends  on  the  ratio  of 
wheel-base  to  spacing  of  cross-girders  :— Thus 

(a),    Croii'Oirder  spacing  ^  wTieel'bate,     Lxtq  Lotid  on  each  track  ib  the  lo&d 
on  a  pair  of  driving  wheels. 

(6).    Crost'Oirder  spacing  >  toheel-bate  (bat  <  2  x  wheel-base).    Live  Load  on 

2r 
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.-.  W  =  -y  {  I  tt//8/  +  W  .  '-^  { 

=  lo'^  +  2  (l  -  -^)  W (5a). 

(A).    DovbU  Line.   —  2fo'/d  =  Total  aniform  Dead  Load  on  Cross-girder. 
•*•  i  ^fii  =  Maximum  BendiDg  Moment  dae  to  aboTO. 

YT . 9  "T  9  J  .  Maximum  Bending  Moment  doe  to  four  equal  Loads  ^ 

(on  each  rail)  at  distances  ±  •^,±  (•§■  +  p)  from 
centre  of  cross-girder. 

.-.  w  =  i- i^  '^'^+  T  ^'  -^^«^>! 

=  2u;'/3  +  4(1-  2-±^)  .  w (5*). 

Case  iii.  (of  Art.  278).     Bails  laid  on  longitudinals. 
Let  to'  =  weight  of  platform,  rails,  and  longitudinals  per  ft.  run  of  track. 
1^.    /3  <  B,  f .  e.,  Croet'Qirder  spaaing  <  voheeUhase. 
(a).    Single  Line.    —  w'^  =  Total  uniform  Dead  Load  on  2  longitudinals, 

.*•   ■       q  —  ss  Total  Dead  Load  (on  each  longitudinal)  at  distances  (/  —  9)  -r-  2 

from  Supports 

...w=i-.!?:^.'-^=2(«'^+w)(i-f) ((«,). 

(6).     Doulle  Line,    —  2  u?'  /3  =  Total  uniform  Dead  Load  on  4  longitudinals, 
.^  ^  ^     q     ^  =  Total  Dead  Load  (on  each  longitudinal)  at  points     "^^  , 

and  (   ""■■■   —  g\  from  supports, 

[The  approximate  hypothesis  is  hero  made  that  each  longitudinal  bears  an  equal 
share  of  load  :  this  is  usuaUy  sufficiently  accurate]. 

...  ^Sli+Z  ^£  +  jflijtZ  .  (Ll£'  _  p)  =  M.ximam  Benaing  Mo- 
ment  due  to  abore,  see  Ex.  7,  Art.  182. 

.-.  W  =  -^  .  {w'fi  +  W)  .  ^"9-9'  =  2  (10'  /5  +  W)(l  -  ^/; (6*). 

2*.    /i  >  B  but  <  2  B  ;  i.  e.,  Cross-girder  spacing  >  wheel-base,  but  <  2  wheel-base. 

A  D 

Substituting  (d  —  —  ^  w  for  W  from  Result  (86)  into  Resnlto  (6a,  6), 

(a).    Single  Line.    W  =  2  [  u;'  jS  +  (8  -  ?^) .  W  |  .  (l  -  X) (7a). 

(i).    Double  Line.   W  =  2{to'i3  +  (8-?^)W   J  .^1 -^±5')....(76). 
S76.    Applied  Loadi  on  Railway  Bridges.'^The  Dead  Load  whether 
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on  Longitadinals  or  on  Cross- Girders  Ysries  within  large  limiti  u  it 
Table  below — 


Load  ix  Tons  psb  voot  of 

TRACK. 


as 


Eogllsh  arenge, 
Punjab  Railway, 
Oadh  and  Rohilkhand, 
State  Railways, 


i 


5' 6* 

1 
Metre, 


•03 

•016 
•013 


•025 
•042 
•014 


Ballut. 


15— ^21 
•2 

Kil. 


a 


•07— -17 

•16 

•028 


Anthoritr. 


iUnwin*fWna|^ 
I     iron  BridgOb 

MS.  Inforattoi 
from  RailiiT 
aothorities. 

State  Railvi; 
Type  DrawingL 


Rolling  Loads. 


o 

K 

00 

O 


o 


H 
P 

o 

Q 


H 

is  5 


Anthority. 


Unwin's    Wrought- 
iron  Girders, 


Great  Indian  Penin-  J 
aula,  MS.  Report,  J 


Oudh     and     Rohil- 
khand,    MS.     Ke-< 
port, 


V 


Indian  P 
calar, 


.  W.  D.  Cir-  ) 


Span. 


mQ    spaiio,  •••             ...              •••              ••• 

30  spans,  ...        ••■        ...         ... 

^v    opnUo,  .«•            •••             ...             ••• 

60  spans,  ...        ...         ...         ... 

Large  spans,  light  traffic,  single  line,... 

„  .,            donble  line,... 

,,  mineral  traffic,    ... 


Toiup« 
fool  isB  of 


U 

U 
1 

1 

u 


>> 


Short  spans,  single  line, 
Long  spans, 
Under  12'  spans, 
12'— 20'  spans,  .. 
20'— 30'  spans,  .. 
30'— 40'  spans,  .. 
40'— 60'  spans.  .. 
60'  and  upwards, 


••• 


2 

li 
3 

2i 
2 

1« 

n 

H 


Clear  spans  of  2 — 4  metres, 
4-6 
6—15 


I) 


j» 


)i 


Add  per  foot  for  each  metre  in  except* 
of  15  metres,  ...        ...        «..         ... 


1-979 

1-499 

•990 
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276.    Weight  of  Beam.^Considering  the  ResnlU— 

Weight  of  Bimilar  Beams  oc  (linear  dimension)*,  -) 

Working  Load  of  similar  Beams  QC—,t.e.^QC  (linear  dimension)',  |  ^  ^^ 

it  is  obvious  that  the  Weight  of  a  Beam  increases  much  fastei'  than  its 
Working  Transverse  Strength  (measared  by  its  Working  Load,  Art.  6)  : 
hence  there  is  clearly  some  limit  to  the  length  of  a  Beam  beyond  which 
the  mere  Weight  of  the  Beam  may  be  greater  than  its  Working  Trans- 
verse Strength,  or  even  greater  than  its  Ultimate  Transverse  Strength, 
(in  irhich  latter  case  it  could  not  bear  even  its  own  weight  at  all). 

iS<!V.     Uniform  Rectangular  Beam — no  external  load. 
If  w  =  weight  of  a  cabic  inch  of  the  Beam, — then 
Weight  of  Beam  =  tcbdl, 
Mkx.  Bending  Moment  =  i  W  /,  (Art  182,  Ex.  8). 

Moment  of  Working  ResisUoce  =  i-,  .  A  .  a^  =  J.  ,  A  ,  hd\  (Art.  208). 

/.  Working  Load,  i.e.,  W  =  4-  •  —  •  ^' 
4     A      bd:* 


which  is  the  limiting  length  of  ''uniform  rectangular  Beam''  of  depth  d  which 
could  safely  bear  its  own  weight  permanently. 

[  N,Ji. — In  consequence  of  Tbansyersb  Load  being  a  very  unfavorable  manner 
of  Load  compared  to  Dibect  Load,  the  Weight  of  a  Beam  is  a  much  more  import- 
ant element  of  its  **  Working  Load  "  than  the  Weight  of  a  Tie  or  Pillar,  which  latter 
is  commonly  so  small  a  fraction  of  the  Working  Load  as  not  to  be  worth  the  trouble 
of  calculation,  {see  Arts.  33  and  80)]. 

277.  Weight  of  Beam. — Practical  Rule.  The  following  is  the  or- 
dinary method  of  allowing  for  the  probable  Weight  of  the  Beam  itself  in 
estimating  the  Total  Wobkimg  Load,  and  is  sufficiently  accurate  for 
all  practical  purposes  when  the  Beam  under  design  is  of  a  type  similar  to 
previously  erected  successful  Beams  under  similar  Load. 

RuLB.  Assume  the  Weight  of  the  Beam  under  design  from  that  of 
previously  erected  successful  Beams  or  Girders  of  similar  type^  similarly 
supported,  and  under  similar  Load.  This  Weight  together  with  the 
Applied  Working  Load  (which  is  of  course  given — see  Art.  271  and 
Tables  in  this  Chapter,  &c.,)  may  be  assumed  as  the  *  provisional  Total 
Working  Load/  from  which  the  Beam  or  Qirder  may  be  designed. 
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I 


JEr.    Beam  rf  uniform  Orou-ieetiim, 
Jjtt  W]  s=  Applied  Working  Load  (given). 

I«et  the  three  following  qnantities  be  calcolated  : — 

hi  =  *Proyi8ional  Breadth  *  i  of  scantling  calculated  for  a  gron  Working  Load 

di  =  « ProTisional  Depth '     J     Wi. 

W|  =  Calculated  Weight  of  above  '  proyisional  Beam  *. 
I«et  h  =  Breadth  of  scantling  required, 

W  =  Weight  of  Beam  of  scantling  b,  di, 

W  =  Gross  Working  Load  of  ditto, 

.*.  w  =  -T-  •  ^1  (Bin<^  ^0  Beams  are  both  of  Uniform  Cross-section), 

Also  W  =  W,  +  w  =  W,  +  ^r- .  w„ 
/.  by  Result  (1 1)  W  :  Wi  =  J  :  *|, 

.•.  ^  W|  +  *Wi  =  JW„ 
W 
1  —  "1 


•'•*  =  w"~F-** ^^^''^• 


-W|- 

w^ 


^  =  w7^' <^26). 


W=  rjjr-^^-? il20). 

Wj  —  W|  ^      ' 

Kq.  (12a)  gives  the  proper  breadth  (&)  of  scantling  of  depth  <i=  <fi  which  will 
safely  bear  the  given  Applied  Working  Load  (W.),  and  its  own  weight  given  by 
£q.  (126). 

£f,  A  flat  terraced  roof  of  20  feet  span,  weighing  100  lbs.  per  sq.  ft.  (including 
weight  of  small  joists)  rests  on  small  joists  at  1  foot  apart  centrally  which  rest  on 
Beams  at  4  feet  centrally.  Design  tho  Beams,  including  allowance  for  their  Weight, 
considered  as  simple  '  Supported  BeamH  *  approximately  uniformly  loaded.  Timber — 
Teak,  for  which  pt  =  750  (Table  VIA),  s  =  10,  Weight  of  a  c.  ft.  =-  42  !bs. 

Solution,    Wi  =  4  X  20  X  100  =  8.000  fts.     Take  d^  =  6,  v'2  (Art  225). 

Then  #W,  =  P,  =  2j?b  .  b^di*  -f-  L  =  4  ji?b .  J,» -f-  L,  Eq.  (7),  Art.  158, 

.•.  6,  =  ^  #W,L-^4jib  =  'V'  lTxlCK)0ir20^^4xT66  =  8",  nearly, 

.*,  rf,  -rr  1 1*.6  nearly, 

.-.  Wj=  42  X  20  X  8  X  11*6  -f-  144  =  637  (say  640)  lbs.,  nearly, 

.*.  A  scantling  of  ^-0  X  t  l^-S  would  suffice. 

[iV.B.  Observe  the  increase  of  breadth  for  the  Weight  of  Beam  is  in  this  case  only 
'€  inches.    In  a  larger  Beam  the  Weight  of  Beam  itself  would  be  of  more  importance]. 

279.  Weight  of  Wrought-iron  Flanged  Girders. — Various  more  or 
less  approximate  Rales  have  been  deyised  for  estimating  a  priori  the 


pnUUe  Weight 
IrfMd.    ThuaBi 


Jn  Moh  of  Uifl 
L  = 

i.    AiDiHsoa' 


HwviMM  of  Mail 

bd-nikn,aDd 
Ibc  in  nh.  per  1 

ii.      BtOVBT'B  ' 

W,  =  -SqnI<Mb 
Pilbns 


"is«,D'"=i>«,D'_L>" 


Uhwib's  Bdlb.}— Applicitble  when  L  not  >  300'. 

W  =  aro8s''EqiunIcntI.oad", ) 

W,  =  Eqninlcnt  Applied  Led,  [  *^'T  ^3**  *■  " 
w  z=  Weight  of  Mud  Girden,     '       '■••"' 
r  =  L-5-D'. 

i"  =  Mean  worUng  itaea>-uit«iinlf  on  joint  netiaB  (A,  +  A,)  of  h 
Bulges  at  coitTe  ui  t»ti»ftr  tjaur^  imek, 

C  =  »  reHaiD  (Uimm)  (acta-  t( 


WL'  W,  L^ W,  Lr 

"  cTH*  =  e?i>'":ri?  —  c«'  -  Lr 


,"  Bd.  i»n.  An.  UI. 

lC«aadKoA"An  U. 
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The  foUowiDg  ralaes  of  C  were  thus  deduced  :^ 


Wrooght-iron  Flanged  Girders. 


Value  of 
C. 


Small  Girders  nnder  30%  

Plate  Girders,  email  (d(/ to  600  >        

Torksej,  Tnbolar  Girder,  • . 

BrifaDnia,  ..         ••         • 

LoDgh  KeD,  Oowstring, 

Cannon  Street,  Box,       •  •         . .         

Connecticot,  N.  Truss, 

Oykell, 

Cannon  Street,  Plate, 

Conwaj,  Tnbnlar,  

Cmmlin,  Warren,  ..         .. 

Charing  Cross,  Lattice, 


1500 
1280 
1197 
1461 
1490 
1540 
1548 
1590 
1598 
1700 
1820 
1880 


The  Weights  of  Qirders  may  also  be  found  approximately  from  Ta- 
bles* of  Weights  of  Qirders  or  Diagrams  of  Weights  of  Girders  which 
have  been  constructed  for  showing  the  Approximate  Weights  of  Girders 
similar  to  previously  constructed  ones  by  inspection. 

[In  all  important  Girders,  it  woald  be  advisable  to  consider  the  Weight  as  obtained 
by  this  formnla,  or  from  Tables  as  merely  a  prov^isional  Weight :  after  the  Design 
of  all  the  scantlings  suited  to  carry  the  given  Working  Load,  inclading  this  provi- 
sional Weight  has  been  calculated,  the  actual  Weight  of  the  Structure  so  designed 
should  be  calculated  and  compared  with  the  provisional  weight :  if  the  Weight  so 
found  be  much  greater  than  the  "provisional  weight*',  the  Design  must  be  recast, 
assuming  a  larger  provisional  weight.  Another  tentative  method  of  estimating 
the  probable  Weight  of  a  Girder  is  explained  at  great  length  in  Vol.  XL  of  Stoney*s 
** Theory  of  Strains",  but  it  is  too  long  for  insertion  in  this  Manual]. 

Ex,  Find  approximate  weight  of  Lonqitudinals,  Cboss-Gibdebs,  and  Main- 
GlBDBBS  for  a  Wrought-iron  Girder  Bridge  for  a  single  line  with  following  data  : — 

Load  on  a  pair  of  driving  wheels  W  =  15  tons. 

Wheel-base  B  =  7'^. 

Cross-girder  spacing  0=  \2\ 

Span  of  longitudinals  =  12'. 

Span  of  cross-girders  =  14^. 

Span  of  bridge  =  8  bays  =  112^ 


*  t.g.f  "Long  Span  Railway  Bridges, "by  B.  Baker. 


2    8 


=  'S  ton*  per  foot  nin,  aeul;. 
,-,  Total  Dead  Lo«d  =  (-8  +  '087  -t  -081  +  -3)  =  '72  toot  per  foot  ron,  n««rtj. 


818  DEFLECTION.  [  ART.    285. 

Draw  o;)6  parallel  to  o'P'B';  then  the  arc  oo^  =  pV  =  ftB',  so  that 
pP',  5B'  are  the  unstrained  lengths  of  PP',  BB'. 
Let  oo'  =  pP'  =  6B'  =  /, 

Pp  s  X,  the  strain  of  length  Z, 
/?,  =5  stress-intensity  at  P, 
p  =  Co,  radius  of  curratare  at  oo\ 

Then  by  similar  triangles  Co  :  oo'  =  oV  :  Pp, 

.-.  -^  =  7"  =  ^  by  Eq.  5,  Art.  93, 
but  iil  =  'BT  I,  Eq.  16ft,  Art.  206, 
=  ^  I,  Eq.  2,  Art.  199, 

And  by  the  Equation  of  Moments  M  =  M, 

885.  Reduction  of  Eq.  (1). — This  important  equation  is  the  founda- 
tion of  all  mathematical  inyesiigations  on  Dbfleotioiv,  on  the  Elastic 
Curve,  on  Fixed  Beams,  and  on  Continuous  Beams.  It  is  shown  in 
works  on  the  Dififerential  Calculus  that 


dv^\k       tCo 


D  =  -  Cl  4-  —Y  -^  — 


This  is  the  differential  equation  of  the  '  Elastic  Curve. '  Its  general 
solution  has  not  yet  been  discovered.  But  it  admits  of  complete  solution 
in  Beams  as  occurring  in  Engineering  practice,  from  the  consideration 
that  the  (practically  admissible)  maximum  deflection  (I)  is  always  a  very 
small  quantity  compared  to  the  span  (/).     This  involves  that  if 

t  =  inclination  to  horizon  of  the  tangent  at  any  point  (a;,  t;)  of  the 
elastic  curve,  then 
"  I,  and  tan  i,  (or  -j-)  are  both  very  small  quantities,  *' 

SO  that  within  the  limits  of  practice  (^)    may  be  neglected,  and  Eq. 
(2)  becomes 

rf?  =  "  w ('^°)' 

which  is  the  approximate  differential  equation  of  the  '  Elastic  Curve.' 
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Can  !*•    Bmm  ofun^arm  9€eti4m.-^ln  thU  case  I  =  !», 

••-  =J,mZ    T <"*>• 

-       />•     ^.«  M      dm* 

Casb  2^.  £«am  of  %%\foTm  gtrenffth  toith  uniform  depths  (Art.  220).— In  these 
Beams,  the  mtzlmam  stcess-inteiisitj  (j/g  or  e)  is  hj  definition  a  constant  thronghout 
the  Beam. 

.%  hj  Kq.  (5),  -|-  yi  or  «  =  constant 

A  Iso  jTt  tnd  yc  ^n  constant  throaghont  the  Beam,  (hecanse  it  is  of  nnif  orm  depth). 

M  M 

•*,  -r-  is  a  constant,  and  therefore  =  y^« 

Therefove  equations  (12)  and  (13)  redace  to 


m 


vr 


'=  /  —  =a  1,  in  all  cases, (12d). 

=  /     y     ^  s=  I,  in  all  cases, (18b). 


It  is  also  seen  hj  Eq.  (1, 5)  that  in  these  Beams 

1        M 

-  =  -r^r  =  constant, (14). 

p      a*! 

Thas  "  the  canratare  Is  constant  **  in  these  Beams. 

The  corratore  may  also  be  calcnlated  from  the  stress  by  £q.  {la)  thos 

i.  =  ~  =  -P'^^ (15). 

p         EI  Eytore 

Casb  8*.  Beam  of  uniform  strength  and  uniform  breadth, — In  these  Beams  also 
the  maximum  stress-intensity  (p'l  or  c)  is  a  constant  thronghoat  the  beam. 

/,  by  Eq.  (6),  -|- .  yi  or  c»  or  y ,  m't  or  c  ^  =  constant 

I3nt  as  the  cross-sections  are  nsnally  made  of  the  same  figure  (Art.  220)  thronghont 
the  Beam,  the  quantities  m\  m'c  which  depend  only  on  the  figure  of  cross-section, 
(Art.  207),  are  constant  thronghont  the  Beam. 

Thus  if  d^  =  depth  of  cross-section  of  Ma, 

-p .  ^  is  a  constant  throughout  the  beam,  and  therefore  as  y^  d^t 

and  by  Result  (48()»  Art  220,  <i*  QC  M, 

/,  d« :  <f ««  as  M  :  M., 

Hence  Eq.  (12)  and  (13)  are  reduced  to 


[Thecalenlationof  theqiumtitiei  m',  m'",  n*,  n"  fiomtberediiEed  eqiuUoi»(ISA, 
13a,  lio,  180)  iluald  now  present  no  difflcnltj  to  a  Stadent  tcqnBinted  with  iDtcgnl 
Calcalu], 
S89.    SaUie  Ciirtv.— It  hu  been  ezplAined  (Ait.  IBS)  that  Bq.  (4) 


=J\  f.i  '^* <*^ 


■iiB-a 

■— =  aio 
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It  ifl  snggested  therefore  that  this  modalns  Bhoald  never  be  written  separate  from 
the  neceasaiy  diyiaor  (#) ;  thus  37^*  or  A'  -r-  s'Et,  Compare  ose  of /b  -7-  s,  suggest- 
ed at  end  of  Art  217. 

NoTB. — It  seems  hardly  worth  while  giving  Examples  of  application 
of  the  formulee  of  this  Chapter,  as  they  are  not  often  required  in  practice. 
The  Stadent  who  has  understood  the  application  of  the  formulee  of  the 
Chapters  on  Transverse  Strain  and  Deflection  should  have  no  difficulty 
in  using  those  of  this  Chapter. 


2  t 
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Again,  since  tit  general  (Art.  210),  if /h  =  max.  tensile  stress-intensitji 
which  in  case  of  a  Uniform  Beam  of  coarse  occurs  at  section  of  Mmi 

then  M.  =  «  =  ^  .  I,  ...; (19). 

Hence  the  Deflection  (V)  due  to  a  certain  mazimom  strees-intensity  p%f 
found  bjr  snbstitating  in  £q.  (18)  is 

«'  =  (?--0-g^.  - (20). 

Bot  the  Deflection  (^/)  due  to  a  maximum  stress -intensity  (;)t)  in  a 
similar,  similarly  loaded  Supported  Beam,  is  (Eq.  (8c),  Art.  286), 

a/  =  n-  .  f^ (21), 

80  that  for  same  value  of  maximum  stress- intensity  (pt) 

»'=(i-2i)V.  ^22). 

Hence,  since  mT  is  here  <  2n^  (t;.  supra),  the  important  inference — 
The  Deflection  of  a  Uniform  Beam  under  given  maximum  stress-in- 
tensity is  deereased  by  fixing  its  ends  in  ratio 


aaximnm  stress-in-  \ 

1         1  .       y  ....(22a). 


Examples  of  Uniform  Fixed  Stams, 

923c  Here  follow  solutions  of  three  solvable  cases  (Arts.  820).  The 
notation  used  is  the  same  as  described  in  Arts.  165,  285,  and  311. 
Thus  x^t  n^y  £  indicate  abscissce  measured  from  the  ends  (A^,  A'')^  and 
from  the  middle  (0)  respectively. 

Ex,  1.     Uniform  Beam  under  9in§h  Load  (-^w)  at  the  middle. 

By  Ex.5,  Art  182,  if  =  4  Wx'  from  A'  to  O;  M  =  i  Wx"  from  A"  to  O,  if.  =  J  W/. 

By  Art  286,  jn'' =  J,  n'' =  ^ 

/.  at  A',  A'',  -  Ma  =  -  I  J!/«=  -  J  w/=:  -  }  w<?, (28), 

and  at  O,  Mo  =  4  -»«  =  Mni  =  4  w/  =  i  w<j, (24). 

M  =  Jlf  -  M„ 

=  4  Was'  —  J  w<y  =  4  w  (a'  —  4  <J),  from  A'  to  O 

=  4  wac"  -  4  Wc=  4  w  C«^  —  4  0»  from  A' 
Besolts  (25)  may  be  included  in  one  expression— 

M  =  4  w  (^  -  C), (25A). 

provided  that  C  be  understood  to  mean  simply  ** distance  from  middle'*  tvithout 
reference  to  Hgn, 

The  inflections  bisect  the  segments  A'O,  A*0,  (by  Result  9), - (26). 

'='^-Err ^'^>- 

for  referring  to  Table,  page  327,  (12 1  s=  bd^y 


:-::o} (=''^>- 
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These  conditions  deserve  carefal  attention,  because  since  fixing  one  or 
both  ends  of  a  Beam  reverses  the  character  of  strain  and  stress  (t.  ^., 
from  tension  to  crashing,  and  vice  versd),  in  the  neighbourhood  of  the 
fixed  end  or  ends,  it  may  happen  that  this  reversal  of  the  strain  and 
stress  is  more  unfavorable  for  certain  shapes  of  section,  and  for  certain 
ratios  of  Moduli  of  Strength  than  the  gain  by  reduction  of  the  maximum 
stress-intensity.  Now  this  may  clearly  happen  in  all  Cross-sections  of 
Equal  Strength  (designed  for  a  Supported  Beam)  which  are  obviously 
no  longer  forms  of  Equal  Strength,  when  the  character  of  stress  is  reversed, 
and  may  even  be  quite  unfit  to  bear  a  reversal  of  the  stress  for  which 
they  were  designed,  unless  much  reduced  in  intensity:  this  is  especially 
the  case  in  material  (like  cast-iron)  whose  Moduli  of  Strength  are  very 
nuequal.     Thus  it  may  be  inferred  : — 

(1).    Fixing  the  ends  of  a  Beam  with  Cross-eections  of  Equal  Strength  is  not 

likely  to  be  advantageons. 
(2).    Pixing  the  ends  of  a  cast-iron  Beam  is  almost  always  disadvantageous. 
(8).    Fixing  the  ends  of  a  Beam  with  symmetrical  Cross-sections  (alike  aboTe  and 

below)  is  nsoally  advantageoas. 
(4).    A  Fixed  Beam  with  Cross-sections  of  Eqnal  Strength  ought  to  be  originally 

designed  as  a  Fixed  Beam  of  Uniform  Strength. 

There  are,  moreover,  practical  objections  to  fixing  the  ends  of  certain 
Beams. 

(5).    Large  timber  Beams  should  not  be  firmly  built  into  masonry :  space  for 

ventilation  should  be  left  round  their  ends. 
(6).    Iron  (or  metal)  girders  should  not  be  fixed  at  both  endt.     Free  play  at  one 
end  is  necessary  to  allow  of  free  expansion  and  contraction  of  the  material. 
[A  rise  of  temperature  would  in  general  increase  the  Deflection  of  neutral  surface 
of  a  Girder  if  fixed  at  both  ends,  and  therefore  increase  the  stress  :  but  if  the  Girder 
be  erected  with  an  initial  camber  in  its  neutral  surface,  it  would  appear  that  a  rise 
of  temperature  would  increase  that  camber  if  the  Girder  be  fixed  at  both  ends  :  this 
would  be  clearly  adrantageous.] 

?rote  on  Supported  and  Fixed  Beams.  A  Beam  fixed  at  one  end  (more  or  less  per- 
fectly) and  simply  supported  at  the  other  is  termed  a  Supported  and  Fixed  Beam. 
The  Problem  of  fixation  of  this  kind  is  easily  treated  in  an  elementary  manner  as  a 
special  case  of  Continuous  Beams  :  its  investigation  is  therefore  deferred. 


NOTB.-->It  might  be  rappoied  that  the  simple  elementary  Method  applied  in  Art.  321,  to  the  Cnse 
of  ••  Fixed  Uniform  Reams."  woald  also  salt  the  Caae  of  ••  Fixed  Beams  of  Uniform  Strength  "  The 
principle  of  the  Method  is  of  coarse  tme  of  all  Beams,  bat  its  saooessful  application  requires  the 
knowledge  of  tberalaesof  tnffor  the  samt  H earn  token  timpiif  Supported  both  under  its  Actaal  Load, 
and  under  a  Gonstant  Moment  of  Flexure. 

8  A 
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B%y  B% ....  be  the  Shear- Re- actions  at  right  and  left  of  p^  Span  (/,). 
F'p,  F'p  ....  be  the  Shearing-Forces  at  „  „  „ 

R^p,  i^p ....  be  the  Re-actions  at  right  and  left  of  p*^  Span  (?p),  if  discon- 
tinuous. 

Fig.  58. 


3»+i 


ip  I  I        t,-i 


'"*'  1 


m 


Fp-i 


^^T- 


Then,  by  Eq.  (5),  Mp+,  =  Mp  +  (R'p  -  E%)  /p, (28). 

Mp  =  Mp+.  +  (R-p  -  ITp)  /p (29). 

Whence  R'p  =  R\  +  ^^*\'-^^ (80). 

•p 

R^pSsJZ^  +  ^p-;^''^' (81). 

*p 

Thus  the  two  Shear- Re-actions  R'p,  R^p  at  the  ends  of  any  span  Ap 
Ap^.,  may  be  at  once  fonnd  when  the  Moments  (Mp,  Mp^,)  of  the  Re- 
action-Gonples  at  its  ends  are  known.     Moreover, 

R'p  +  R'^p  =  i?'p  +  R%  =  2?  w  =  Total  load  on  the  Span.  (82), 
from  which  equation  either  is  still  more  easily  found  when  the  other 

is  known. 

889.  Total  Re-actions. — By  what  precedes  it  will  be  understood 
that  any  particular  Support  Ap  yields  the  partial  Shear- Re-actions  R'^p-, 
to  the  Span  on  its  right  (of  which  it  is  the  left  Support),  and  R'p  to  the 
Span  on  its  left  (of  which  it  is  the  right  Support).     Thus— 

ToUl  Re-action  atp'**  Support  Rp  =  R%.,  +  R'p (38). 

=  -  F'p-,  +  F'p (84). 

Substituting  from  Eq.  (80,  81),  remembering  to  change p  into  (p— 1) 
in  the  substitution  for'R%-, 

Rp  =  i2Vi  +  R\  +   ^^^V"^^'  +  ^'^'r^' (85). 

*p-i  «p  ' 

Case  of  end  Supports  (A,  An+i)— By  above  notation,  it  is  clear  that 


R,  =  R',  =  F',  =  B\  +  ^^i (86). 


R 


B+1 


==  R^  =  F^  =  R\  +  ^^LTLMn^i, (37). 
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The  leyels  of  the  Snpporte  0j,  t^^,  v^  are  sapposed  to  be  giren  :  in  moet  applica- 
tioDB  in  practice,  it  is  nsaal  to  assume  them  zero. 

The  ralnes  of  the  integral  are  given  in  Table  below  ;  those  of  K',  R"  were  giren  in 
Art  835  :  thus  when  Mj,  M„  M,  have  been  calculated,  the  Elastic  Cunre  can  be  plot- 
ted by  calculating  its  ordinates  (v). 

[These  ordinates  are  always  so  very  small,  that  it  is  necessary  to  plot  them  on  a 
laiger  scale  than  that  used  for  abscissas]. 

843.  Deflection- — ^The  maximum  ordinate  of  the  Elastic  Cnrre  in  each  Span— 
commonly  called  the  Deflection — ^is  the  only  ordinate  of  any  practical  interest.  Its 
numerical  calculation  is  always  one  of  considerable  labour.  The  process  consists  of 
two  parts — 

i.    To  find  the  abscisste  (x)  of  the  Sections  of  maximum  Deflection. 

ii.  To  calculate  the  corresponding  ordinate  {d),  which  is  the  maximum  Deflection 
required. 

Step  i.    The  sections  of  maximum  Deflection  are  defined  by  the  condition 


^  =  ^' (*3>- 


dv 

dx 

Expressing  which  in  Eq.  (42a,  h)  the  abscissie  (x)  required  are  given  by 

InSpanA,A^(-J.-iJ)M^  +  (r«-^-^)M,  +  -^K' 

+  i'  f  '  Mdx  =  -  EI  («!  -  Vi) 

J  0 

In  Span  A,  A„  (^ -^)  M,+ (Z''*- ^  -  ^)  M.  +  ^K 

+  Z*  f  '  Afdx=  -  EI  (r,  -  Vs) 

The  levels  (O],  V|,  v,)  of  the  Supports  are  supposed  given,  (usually  assumed  zero)  ; 

the  values  of  the  integral   |     Mdx  are  given  in  Table  below,  and  those  of  K',  E'  in 

J  0 

Art  335,  for  the  most  useful  cases  of  practice.    Substituting  these  values  into  (44a,  b ), 
there  result  algebraic  equations  for  finding  the  required  abscissa  (a;)  in  either  Span. 

On  examining  the  Table  of  values  of   I     M  dr,  it  will  be  seen  that,  for  continuous 

J  0 

Loads  (the  most  useful  in  practice),  this  equation  will  usually  be  a  cubic  in  a*,  and 
therefore  somewhat  troublesome  to  solve. 

The  best  practical  way  of  solving  it  is  usually  to  reduce  all  the  co-efficients  to  the 
simplest  numerical  form  possible,  and  then  solve  it  by  **  trial ". 

When  one  of  the  roots  is  recognizable  d  priori,  the  cubic  is  immediately  reducible 
to  a  quadratic,  and  this  happens  in  two  cases  : — 

(1),  when  the  Elastic  Curve  is  horizontal  at  any  Support,  in  which  case  «  =  0  is 
one  root  of  the  cubics  for  the  two  Spans  meeting  at  that  Support,  and 
therefore  divides  out,  thus  reducing  the  equations  to  quadratics. 
[This  Case  always  occurs  in  the  two  middle  Spans  of  a  Symmetric  symmetri- 
cally loaded  Beam  of  an  even  number  of  Spans,  e.g.y  He  Ex.  3.] 
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PLATE  VI. 

1 1  FORM    BEAM    OF   TWO    EQUAL  8PAN& 

B  AND    BmOIHa  HOKRHT   FOE  ▼A&TIMO   UhIVOMI  LoAD. 


Inoi 


1 


I " 


EatplatuUioiu 


SSBAEWa  Fow» 

F. 


BpMiA^l, 


Buroma  MomaT 


fipMA^A, 


^^w  ^^■■« 


i 


ftded.    ... 


F,«,  F^ 


^•"H^o 


A|  Mf  Af 


Ag  JA^  Jlk0 


1I7  loftded, 
Mded, ... 
onlotdedt 


F«m,Ft 


A|l&g  IMj 


Sz  3. 
Bz.8. 
Bz.2. 


QBIATOT  TALUM 


•••.poditiT€| 


IMtA. 
MaA, 


IbclZ 
Bbctt. 


i 


» 


■■  X  LIBRARY' 


% 

.•:iT0K,  LENOX  ANB         ? 

-UcK  FOUNDATfONl 


^nia  nagaliTe  maximum  Bending  Uomenti  ue  (U^  11^ .U.)  orer  «uh  Eh^- 

port  except  the  Knd  Supports. 

The  Reanlts  reduced  from  the  sboTe  for  the  pmrdcnlir  mkb  k  =  S,  S,  4,  5,  6  in 
■howD  below— ',ior  notation,  n«  begianiug  of  Art.  31G) — 
Et.  7.     Two  eqtial  Span*.     Mi  =  —  )  irc* 
R', ;=  I  wo  =  R-b  «"■  =i  ne  =  R'l 
B,  =  J  iro  =  B,  B,  =  1  nro 
A,I,  =  ic=  A,I, 
M,  =  A'''^>    A,mi  =  i<!  =  A,m, 

J,  =  —  -oee:  o'  ~ '*  Ai  b, = -67847 1=:  a,  E,. 

£:■.  8.    nrM  e^itaJ  ^aiu.    Hi=:  —  )«ve*=M, 

K',  =  J 100  =  B"„     R',  =  { uu  s  B'„    B',=  wo  =  R", 
R,  =::  f  100  =  B„      R,  =  V  »o  =  B, 
A.l,  =  }o  =  A,I,    0I,  =  ±-^ 

Ajffi)  =  4  0  =  A, «»« 

J,  a  - -IlOl  ^  =  j„    A,E,  =  -6GiI=A,Er 
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^.9.    Four  equal  Spam.    M,  =  —  3  to<;*  =  M4,    M,=  -.9i»c« 
R 


R%  =  U  w<j=R\,  R:-,==  w  totf  =  R^  ;  R',=|f  »(?=R%  R',=  >.3  u^^y-R', 


A,  I 

A]in 


=  |^fve=R,,    R,=  yt0(TsBR^    R,=  yt0C 
=  |^  =  A,I„    A,1,  =  ^1^-^^  =  A,I, 
=  1 II  «;(,»  =  Mo,,,  Mo„  =  ^7^  VH^  =  Mo„ 
=  ^  c  c=  Aim,,  A,in,  =  ^  tf  =  A,«ij. 


-Kc.  10.    ^i?tf  equal  Spam.    Mj  =  —  ^»^  wc*  =  M4,  M,  =  -  ^c^  we*  =  M ,. 

R,=  i»»r<T  =  R.,    n^  =  ^we  =  R,,    R,=  3T„,^=R^ 

A,T,  =  ^B^c=A,I.,     A.I,  =  '-i^i^<?  =  A,I„    OI,=  ±^^X 

M  0,1  =  m  »«"  =  Mo,,,  Mo„  =  ^W  wc*  =  M0.4,  Mo,,  =  ^  icrc»  at  O 
A|Wi=  ^  ff  s=  Ae  w*,  A,  i»,  =  II  tf  =  A4  «4. 

J?».  11.  5**  equal  Spans,    M,=  - 1|  loey'sMe.M,^-  ^4^  w^'—M^M^sr-^^^wc* 
R'i  =  4|«,c=:RV     R",  =  II  Wi?  =  R'„    R',  =  ||«;^  =  R''. 

R'',=  49,IH?  =  RV      R',  =  II  toe  =  R''^,    R"3  =  |3tt,tf=:R/^ 
^i  =  li'^  =  ^»      Ri  =  |f  ir(?  =  R,,       R,  r=||i«tf  =  R„    E^=zB3u)e. 
-Aj  Ii  =  ^1  <J  =  Ae  V  &C.,  &c. 

Mo,i  =  I  III  wc*  =  Mo„.  &c ,  &c. 
A I  «i|  =  II  0  =  A7  m^f  &c.,  &c. 

[  Pla^tf  Vni.  BbowR  the  Diagrans  of  Shearing  Force  and  BendiDg  Moment  for 
the  above  Beams,  of  from  two  to  five  spans.  The  Figares  are  all  drawn  on  same 
scales,  with  same  Spans  and  same  load-intennitj  for  purposes  of  comparison]. 

347.  Effect  of  Moving  Load.— Under  a  Moving  Load  it  is  obvioas 
that  both  Shearing  Force  and  Bending  Moment  change  continnoaslj  at 
every  section  daring  the  passage  of  the  Load  passing  through  certain 
Greatest  Yalnes  at  each  section  usually  at  different  stages  of  the  passage 
of  the  Load  :  these  are  styled*  in  this  Manual  the  Qrbatbst  Shbarimo 
FoRGB  and  Grbitbst  Bbmding  Mohbnt,  and  are  denoted  by  F,  M  res- 
pectively. 

Their  complete  investigation  in  a  Continuous  Beam  is  always  tedious, 
(and  is  usually  omitted  in  English  works).  One  or  two  simple  useful 
Cases  only  will  be  briefly  investigated  here. 

•  Conpuro  Art  166, '  Qreatest'  bdof  in  thif  M«mal  diatingnithcd  from  *  Muimnm,' 


.  858a.  ] 
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And  80  on  to  Okie  YI.,  when  the  whole  girder  will  be  eorered  with  wegoni.    The 
resnltB  are  tabnleted  below,  the  negatire  sign  being  omitted  for  conrenienee : — 


Case      I 

Case    IL,        ..         • •• 

Case  III 

Case  IV.,         

Case    v.,        

Case  VI..         


^'t 

^ 

>'4 

866 

7 

96 

417 

256 

80 

262 

849 

266 

804 

182 

866 

292 

281 

183 

294 

220 

220 

99 
116 

66 
276 
485 
294 


These  moments  can  now  be  let  off  on  diagrami  (drawing  one  diagram  for  eaeh 
case,  vide  Plate  IX.),  and  their  extremities  joined. 

The  maximam  ordinates  of  the  parabolas  representing  the  bending  momenta  of  the 

loads  on  discontinnoos  spans  are— 

I'O  y,  70» 
Span  loaded  with  engines,  ••      3/  = r— 


s=  612*5  foot-tona. 


0"67  X  70* 
Span  loaded  with  wagons,  .  •       M  ez =s  849*1      „ 


Span  unloaded, 


..      M=^-l^  =122-6      . 


Three  parabolas  should  be  drawn  on  card-board,  cnt  ont,  and  their  outlines  trans- 

f erred  to  the  diagrams.    The  bending  moment  at  erery  point  is  now  known  for  each 

disposition  of  the  load. 

Shearing  Stres$et,'^Vor 

1*0  V  70 
Spans  loaded  with  engines,  ••      Jl'  ss  BT  aa  — - —  s  85  tons. 

Spans  loaded  with  wagons,   ..     M' =^  JT  =z^^^L^^  =: 20    „ 

0>2  V  70 
Spans  unloaded,  ..      i2's=ir= -^— s =  7    „ 

Substitnting  in  equations  (6)  and  (7),  we  get 


Case  I. 


Tona 


Tona 


r-5>i;-i,-Sgg  +  Q      .0. 


R'l=:86  + 


70 


R',=   7  +  :^I±^^=1218 


==  29-77        R",  =  70  -  29-77  =  40-28, 
B%=14-1218=   1-87. 


•  _  Off  J,  7 

R',=   7  +         ^^      as   5-73        R*,  =  14-    6-78=    827. 

—■99   li  9fl 
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TbA  opward  and  downward  moments  can  be  obtained  from  the  shaded  portions  of 

the  figure.    The  maximum  moment  will  occnr  when  the  head  of  the  girder  is  on  the 

point  of  reaching  a  snpport.    A  diagram  will  show  that  there  is  then  no  downward 

moment  in  the  girder,  and  therefore  no  point  of  inflection.    In  the  new  girders  for  the 

K&reri  Bridge,  Madras  Kailwaj,  { =  70  feet ;  w  =  '2  ton  ;  /.  Maximum  moment 

0-2  X  70»        ._-^    .^ 
s=  — =  490  foot-tons. 
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Besides  wbieb  the  screws  of  the  Strap  are  each  subject  to  a  Tension  of 
^  T',  and  must  therefore  be  strong  enough  to  resist  both  a  Direct  Tension 
of  ^  T'  and  a  Shear  of  ^  T'  tending  to  strip  them. 

[The  Resistance  of  Screws  is  beyond  the  scope  of  this  Chapter]. 

869.    Modes  of  Failure  of  Joints  with  Bolts,  Pins,  Rivets,  Ac.— 

A  consideration  of  the  modes  of  Failure  of  a  Joint  is  important,  as 
bj  it  alone  can  principles  for  Design 
be  discofered.     This  is  sufficiently 
illustrated  by  the  simple  case  of  a  ; 

Suspension-Link  Joint.  i 

[The  ••  Chains'*  of  a  Snspension-nridge  ^ 

are  commonly  made  of  long  flat  iron  or 
steel  Links  (or  Bars)  connected  by  Bolts  or  Pins  throngh  Eyes  formed  at  their  ends]. 

Such  a  Joint  may  fail  either  by  the  failure  of  the  Eye  of  one  of  the 
Links  or  by  the  failure  of  the  Bolt  or  Pin. 

The  Eye  may  fail  (in  any  one  of  the  Links)  :— 

1*.    By  simple   tearing  through  co,  for  want  of  material  to  resist  the  simple 

(longitodinal)  Tensile  Streu. 
2*.    Dy  shearing  along  one  or  more  lines  as  ghf  for  want  of  material  in  the  head 

of  the  link  to  resist  the  shearing  action  of  the  Pin. 
8^.    By  tearing  through  the  shoalder  as  at  //  in  conseqnenoe  of  too  rapid  a  change 

of  fignre. 
4t\    By  being  upset*  at  the  crown  gg  for  want  of  snfBcient  "  Bearing  Snrface  *' 

at^^. 

The  Bolt  or  Pin  may  fail— 

5*.    By  shearing  across  at  one  or  more  cross-sections. 
6^.    By  bending t  if  not  stiff  enough. 

[This  rarely  occurs  if  the  Links  lap  close  together ^tca^  are  preiented  from  lateral 
spreading  bj  a  head  and  nut  on  the  Pin]. 

360.  Shearing  Resistance  of  Bolts,  Pins,  Rivets,  Treenails.— 
The  Shearing  Resistance  of  a  single  Bolt,  Pin,  Riyet,  or  Treenail  appearn 
from  experiment  to  be  in  each  case  simply  proportional  to  the  Area  of 
Sections  under  Shear,  provided  the  Bolt,  Pin,  &c.,  completely  fills  its 
hole,  and  is  therefore  expressed  thus, 

y.    =  Modulus  of  Shearing  Strength. 

s=  Weight  in  lbs.  that  would  just  shear  through  an  area  of  1 
sq.  in.  Section. 

*  **  TTptet  **  means  cniBhed  by  hmlging  or  tprtading  u  taftppcat  in  forming  the  bead  of  a  rivet,  or 
In  the  dwtmrtlon  of  a  bnllet  striking  s  target 
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**  The  thickness  of  the  Cover-Plates  shoold  be  inversely  proportional  to 
their  distances  from  the  centre  of  the  joined  Plates,"  or  \  (24(i). 


ABT.  867.  ]  JOINTS.  411 

It  is  usual  (for  oonstractiTO  conyenience)  to  make  all  tbe  Plates  of 

same  breadth,  iu  which  case  the  abo?e  conditions  reduce  to 

<•  The  collective  thickness  of  Cover-Plates  at  a  Joint  should  somewhat  i 
exceed  that  of  the  Plates  to  be  joined/'  or  >  (28a). 

r'  A^r'  somewhat  >  r «. / 

• i_ i* 1     »_ 

r'  :r*  =  y'  :  y'   ' 

Hence  in  tbe  case  when  tbe  joined  Plate  is  in  tbe  middle  thickness  of 
a  Pile  of  Plates,  or  when  tbe  Flange  is  onljr  one  Plate  in  thickness, 

*'  Cover-Plates  equidistant  from  the  centre  of  the  Joint  shonld  each  be  i 
of  a  thickness  somewhat  greater  than  one-half  the  joined  Plates/'  i.  e,^         >  (25). 

r'  =  r'  somewhat  >  i  r I 

[These  principles  are  illotttrated  in  Fig.  57u,  A,  e,  Plats  X.] 

The  material  and  labor  used  in  Cover-Plates  and  Rivets  form  a  serious 

addition  to  both  tbe  weight  and  expense  of  large  Spans.     In  cases  of 

large  Flanges  consisting  of  a  Pile  of  Plates,  both  (material  and  labor) 

may  be  economized  by  bringing  as  many  Joints  as  possible  close  together, 

so  that  one  pair  of  soinewiiat  long  Cover-Plates  serves  all  these  Joints. 

[It  is  considered  that  twice  the  longitadinal  **  pitch  "  of  the  Uirets  is  the  minimum 
spacing  of  these  Joints  practically  admissiblej. 

The  general  conditions  (23a,  24a)  cannot  of  course  be  completely  fnl- 
fiUed  at  a  complex  Joint  of  this  kind.  Constructive  convenience  requires 
that  each  Cover- Plate  Khould  be  of  uniform  thickness  throughout  its 
length.  At  such  a  Joint,  therefore,  the  minimum  thicknesses  (r',  t")  of 
Cover- Plate  admissible  at  each  partial  joint  (i.  «.,  at  each  severance  of  a 
Plate  in  the  complex  Joint)  may  be  calculated  by  tbe  preceding  Rules 
(23a,  24a,  25) :  tbe  actual  thickness  of  Cover-Plates  must  of  course 
be  not  less  than  tbe  greatest  of  these  minimum  thicknesses,  {see  Fig, 

67rf,  Plate  X.) 

Inasmuch  as  Plate-iron  can  only  be  obtained  of  certain  definite  thicks 
nesses,  tbe  above  Rules  are  only  intended  to  supply  the  value  of  tbe 
minimum  tbicknoss  admissible  in  each  case. 

367.     Areanobhbnt  or  Rivets. — Tbe  arrangement  of  tbe  parts  of  a 

Joint  has  been  explained  (Arts.  854,  855)  to  be  very  important  in  deter* 

mining  its  Strength  :  tbe  following  terms  are  in  common  use  : — 

DBF.  The  distances  from  centre  to  centre  of  snccessire  rows  of  rivets  measnred 
parallel  and  perpendicular  to  the  direction  of  the  Longitudinal  Stress,  are  termed  tbe 
LOKQITUDINAL  FiTCH  aud  TbansVBBSB  Fitch  of  the  Kivetting. 
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If  /  =  longitndina]  pitch, 
p  zs,  loogiiodiiul  tensile  stress-intensity 

8  «•  /  r  not  <  p  .  dft (82). 

Hie  smme  principle  determines  tbe  "  overlap  "  of  both  Plate  and  Corer- 
Plate  hejond  the  extreme  Rivets. 

The  principles  which  should  determine  tbe  Transverse  Pitch  are  bj  no 
means  clear. 

In  Boiler-work,  and  in  Iron  Ships,  tbe  necessitj  of  steam-tight  or 
water-tight  Joints  fixes  themaximnm  admissible  Pitch  (in  any  direction) 
at  aboat  2^  diameters  on  account  of  the  difficulties  of  caulking. 

In  Oirder-work  this  maximum  limit  is  of  course  unnecessary  :  tbe 
custom*  is  to  make  the  *'  Overlap  *'  of  the  Plate  not  less  than  1^  diame- 
ters of  the  Rivets,  and  the  Pitch  from  about  2^  to  7^  in  either  direction. 

370.  Bracing  Joint8.~By  this  term  is  here  meant  the  Joints  of 
several  systems  of  Bars  meeting  obliquely,  such  as  the  Joints  of  the 
Flanges  with  the  Bracing  in  Girders,  or  of  tbe  Bracing  with  the  Rafters 
and  Ties  in  Roof- Trusses. 

Four  or  five  Bars  (or  systems  of  parallel  Bars)  usually  meet  at  such  a 
Joint,  yiz.,  two  segments  of  the  Flange  (of  a  Girder)  or  Rafter  or  Tie  (of 
a  Truss),  two  oblique  braces,  and  sometimes  a  fifth  Bar  perpendicular  to 
the  Flange,  Rafter  or  Tie. 

These  Bars  are  intended  to  be  all  in  simple  Tension  or  Compression^ 
as  follows  :— 

GiBDBR.  The  segments  of  the  Flange  are  either  hoth  in  Tension  or  hoth  in  Com- 
pression :  of  the  ohliqae  Braces,  one  is  nsually  in  Tension,  one  in  Compression  :  the 
fifth  (yertical)  Bar  is  a  Tie  or  Stmt  according  as  the  ICxternal  Load  rests  on  the 
Lower  or  Upper  Flange. 

Truss.  The  segments  of  the  Rafter  are  hoth  in  Comprossl<m,  those  of  the  Tie- 
Beam  in  Tension  ;  the  character  of  the  Braces  depends  on  the  pattern  of  Trass. 

The  meeting  of  all  these  Bars  at  the  Joint,  and  the  arrangement  of  the 
parte  of  tbe  Joint  also  should,  of  course,  be  as  far  as  poAsible  contrived, 
so  as  to  satisfy  the  general  conditions  (l^  to  8^,  Art  855)  of  Joints. 

Usage  has,  however,  sanctioned  the  arrangement  of  the  cross-section 
of  Girder- Flanges,  and  of  Rafters  into  tbe  general  form  of  a  T  or  TT,  the 
mass  of  the  metal  being  collected  into  the  '  head '  of  the  T  or  TT,  and  the 
shanks  (or  legs)  being  intended  to  give  tbe  means  of  attachment  of  the 
Bracing. 

*  8touey*s  Theory  of  Strains,  Art.  471. 
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Scale  of  tensile  teste  far  iron  of  various  qualitiee. 
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N.B  — Classes  A  and  It  are  reserred  for  any  special  qnalitiee  of  iron  which  might  be  required  at 
any  fatoretimo* 
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tntfmate  Stress     i  9.  .  „. 
per  square  inch,  P****"*- 


Contraction  of        %  -n  _^  -.„» 
area  at  fracture.  1^®  J*' ^°'- 


The  conditions  of  Contract  spccifj  that  "  materials  representing  4  per  cent  of 
the  ralae  shall  be  selected,  from  which  will  be  cot  pieces  20  inches  in  length,  and  of ■ 
plates  and  sheets  20  inches  by  18  in«:hes  ",  to  be  tested.  "  The  iron  will  be  accepted, 
althoQgh  nnder  the  specified  strain,  provided  the  contraction  of  area  at  fracture  is 
the  tame  percentage  higher,  or  in  other  words,  softer  iron  than  that  specified  will 
he  accepted'*. 

The  tension  in  these  tests  is  applied  gradnally  and  withont  shock. 

War  Dbpabtment. — For  shield  frames,  for  the  girder  works  of  iron  forts,  and 
for  armonr  bolts,  all  of  which  are  intended  to  resist  heavy  blows,  it  is  necessary  to 
have  a  specially  dactile  iron,  and  the  present  (October,  1872)  specification  is  as 
follows  :— 

The  method  of  conducting  the  test  by  blows  for  the  War  Department  is  described 
below. 

Tensile  Stress 

per  inch  of  original 

section  to  be 

borne  without  breaking. 

Plate  iron,  lengthways,  . •        ••        ..  20  tons. 

„  crossways, 16 

Angle  iron  6"  x  6*  X  f  and  upwards, 

lengthways,      ••         ••         ••         ..  22 

Angle  iron,  less  sections,  lengthways,  . .  22 

Rivet  iron,  lengthways, 23 

Bar  and  J-iron  to  be  equal  to  angle  iron  of  equivalent  section. 
For  armour  bolts,  the  specified  reduction  of  area  is  40  per  cent,  (whether  broken 
in  a  testing  machine  or  by  a  falling  weight,)  with  an  osiformly  fibrous  fracture. 
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The  following  conditions  apply  to  boih 

Plates  both  hot  and  cold  should  be  tested  on  a  cast-iron  slab,  having  a  fur  sarface 
with  an  edge  at  right  angles,  the  comer  being  rounded  off  with  a  radius  of  half  an 
inch. 

The  portion  of  plate  tested,  for  both  hot  and  cold  tests,  is  to  be  4  feet  in  length, 
across  the  grain,  and  the  fnll  width  of  the  plate,  with  the  grain. 

The  plate  shoald  be  bent  at  a  distance  of  from  8  to  6  inches  from  the  edge. 

All  plates  to  be  free  from  lamination  and  injurioos  surface  defects. 

The  Inspecting  Officer  maj  select  for  testing  one  plate  in  fifty  of  each  thickness 
or  of  each  parcel  of  plates  rolled.  Should  the  parcel  be  accepted  the  plate  will  be 
paid  for,  but  not  otherwise. 

Best  Beit,  or  Ut  Clau  Thin  Plate  or  Sheet  Iron, 

Tensile  stress  per  square  inch  Lengthways,  22  tons.    Crossways,  18  tons. 

Ibrge  Test  (Hot).— AM  plates  of  the  1st  class  should  be  of  such  ductility  as  to 
admit  of  bending  hot  without  fracture,  to  the  following  angles  :^- 

Lengthways  of  the  grain,  125  degrees.    Across  the  grain,  90  degrees. 

Forge  Test  {Coldy-^AW  such  plates  should  admit  of  bending  cold,  without  frac- 
ture,  as  follows  : — 

With  the  grain,  to  an  angle  of  90  degrees.  Across  the  grain,  to  an  angle  of  40 
degrees. 

Best  or  2nd  Class  Thin  Plate  or  Sheet  Iron, 

Tensile  stress  per  square  inch  Lengthways,  20  tons.     Crossways,  1 7  tons. 

Forge  Test  {Hoty^ \]\  plates  should  be  of  such  ductility  as  to  admit  of  bending 
hot  without  fracture,  to  the  following  angles  :  — 

Lengthways  of  the  grain,  90  degrees.    Across  the  grain,  60  degrees. 

Forge  Test  {Cold).  All  such  plates  should  admit  of  bending  cold,  without  frac. 
ture,  as  follows  :— 

With  the  grain,  to  an  angle  of  75  degrees.  Across  the  grain,  to  an  angle  of  80 
degrees. 

The  following  conditions  applj  to  both  classes  of  sheet  iron  :-^ 

Plates  both  hot  and  cold  should  be  tested  on  a  cast-iron  slab,  having  a  fair  surface 
with  an  edge  at  right  angles,  the  comer  being  rounded  off  with  a  radius  of  half 
an  inch. 

The  portion  of  plate  tested,  for  both  hot  and  cold  tests,  is  to  be  4  feet  in  length 
across  the  grain,  and  the  full  width  of  the  plate,  with  the  grain. 
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9.  All  other  descripUoiiB  of  iron  maj  be  tested  in  a  simiUur  manner  aoeording  to 
their  forms. 

Be9t  Merchant  or  MalleahU  onee^worked  Iron,  First  Brand  Best  Best  Bar 
JTron ;  Mtmlding,  Sash  Jfar,  Half-round  and  Segmental  Iran ;  Fire  Bar  Iron ; 
Best  Best  Ptail  Rod  ;  Best  Best  Hoop  Iron, 

The  iron  marked  "  Best  Best "  in  this  list  to  stand  a  tensile  stress  of  22  tons  per 
square  inr.h,  and  the  whole  of  the  iron  to  stand  soch  forge  tests,  both  hot  and  cold, 
aa  the  receiving  Officers  maj  deem  expedient  to  satisfy  themsdres  that  it  is  fit  for 
Her  Majesty's  SerTioe. 

402.  Estdmation  of  Ironwork. — The  rariety  of  fonn  in  ironwork, 
and  the  ezpensiye  natare  of  the  material  necessitate  moch  care  in  taking 
ont  the  dimensions.  Owing  to  the  thinness  of  the  parts,  it  is  inconyenient 
to  calcalate  the  qaan  titles  in  en  bio  feet  or  inches :  it  is  fonnd  in  practice 
conyenient  to  reduce  the  '*  quantities  *'  as  follows  : — 

(1).  Sbbet-  and  Plate-ibon  to  buperjicial  feet,  which  are  conrerted  into 
weight  by  nse  of  simple  mnltipliers,  thos^ 

Thickness ,1/  ¥  A*  T  tV  ¥  tV  ¥  ¥  T  T  '"' 

Weight  ;;er  sq./t.  in,  lbs,,  2-5  5    7  6  10   12  6  15  17'5  '20  25  30  35  40. 

(2).  Square  Habs  are  conTeniently  taken  ont  in  lineal  feet,  and  converted 
into  weight  hy  moltipl^ing  the  length  by  the  sectional  area  and  by  the  maltiplier  3*33 
(which  gives  the  weights  in  pounds)  or  by  1*62  (which  gives  the  weight  in  seers), 

(3).  Koui«D  Bars  are  conveniently  taken  ont  in  lineal  feet,  and  converted  into 
weight  by  mnltiplying  the  length  by  the  sqoare  of  the  diameter,  and  by  the  ronlti- 
plier  2'62  (which  gives  the  weight  in  pounds)  or  by  1*27  (which  gives  the  weight 
in  seers). 

(4).    All  other  Iron  (Cast  or  Wrought)  is  most  conveniently  calcnlated  ont  by  re« 
dnction  to  its  equivalent  length  of  Sqoare  V  X  1^  Bar—the  length  being  taken  in 
feet,  which  is  at  once  converted  into  weight  by  nse  of  the  simple  ronltiplicrs, 
Cast-iron,  3*13  for  weight  in  lbs.,  or  1*52  for  weight  in  ieers. 
Wronght-iron,  3*33  for  weight  in  lbs.,  or  1*62  for  weight  in  seers, 

[These  are  the  weights  of  Bars  1'  long  by  1^  X  1^  section]. 

The  figures  in  the  scantlings  of  iron  are  usually  multiples  of  sixteenths 
or  eighths  of  inches,  and  the  length  and  hreadth  are  usually  specified  in 
feet  and  inches.  The  use  of  fractions  and  dnodecimals  is  often  therefore 
more  convenient  in  calculation  of  the  ''  quantities/'  than  of  decimals. 

The  calculation  of  the  weight  of  ironwork,  however,  is  extremely  faci- 
litated by  the  use  of  Tables  (such  as  are  given  in  any  Engineering  Pocket 
Book)  containing  Areas  of  Circles  and  weights  of  square,  flat,  and  round 
iron:  no  heavy  calculation  of  ironwork  should  be  undertaken  without 
their  aid. 


44^  BATE  STRESd,    PORMH   OF,   AND   TESTS  Of   IttOV    [  lET.  402a. 

4038.    The  following  is  an  extract  from  Gircniar  No.  1,  dated  28rd 

April,  1891,  from  the  Becretarj  of  State  for  India,  to  the  GoTemment 

of  India : — 

The  metal  for  Rolled  Steel  Joists  shoald  bear  a  tensile  itrain  of  27  to  82  tons  per 
square  inch  with  a  minimoni  elonf^ation  of  20  per  cent,  in  a  length  of  8  inches. 
Pieces  heated  aniformly  to  a  low  cherrj  heat  and  cooled  in  water  of  aboat  80* 
Fahrenheit  mnst  also  stand  bending  in  a  press  to  a  cnnre  of  which  the  inner  radios 
is  one-and-a-half  times  the  thickness  of  the  samples.  If  the  samples  fail  to  pass  the 
aboTe  tests  the  joists  shoald  be  rejected. 


ADDENDUM  TO  CHAPTER  XXI. 


NOTE  ON  THE  WORKING  STBESS  OF  IB09  AND  STEEL. 


The  method  of  detenniaiiig  the  proper  ^'  working  stress  **  to  be  adopt- 
ed in  designing  the  proportions  of  an  iron  or  steel  bridge  described  ia 
Chapter  XXL,  (that  is,  sxmplj  diTiding  the  nltimate  breaking  weight  of 
the  nuterial  by  a  certain  factor  of  safetj.)  thoo^  famishing  rcaniu 
which  are  perhaps  soflBcientlj  saDs^Ktory  for  bridges  of  small  span,  is 
considered  scareelj  adeqnaie  in  mv  of  the  Long-span  Bridges  of  the 
present  daj,  and  it  is  in  coueqnenee  being  gradnailj  sopencded  bj 
newer  methods  which  aiaa  at  re^ieriag  the  stnictare  n^re  proof  against 
the  effects  of  shocks  or  of  a  rapi£j  moring  lo&j,  prodnesng  sadden  and 
extreme  rariations  of  stress  ia  the  d:5«reot  pieces.  Tke  qacstion  in  iu 
present  sUte  is  follj  diseassel  ia  Chapter  XIIL  of  Ur.  Cazton  Fidler's 
•*  Practical  Treatise  on  Bddze  C->ailr5<ti-»,'*  from  which  the  fallowing 
brief  snmmary  has  been  maie. 

It  has  been  alreaij  feinted  oat  that  a  load,  if  fuiicik!/  applied,  pto- 
daces  stresses  which  are  greater  tLaa  thvse  die  to  iu  statical  effect 
alone,  in  otber  words  that,  a  bar  wLl  break  a:aier  a  lo^i  whidi  is  m^A 
less  than  its  stade  breaklsz  w«hi  if  that  If/td  be  tniiealj  apf  ISoi. 
This  resolt  mar  be  r«garif  i  as  iz9  to  dymamic  eaisjee.  E^t,  fxrtWr« 
Sir  W.  Fairbaira  afri  ota^sn  ksre  iLowa  exp^mnta::/.  t&at  a  veas  «c 
girder,  whether  of  wr^sz^t  or  ea*v-ir'>9,  maj  b«  bn4e&  Iv  rtf/SAlel^ 
not  neeessargy  s»ilsn,  af^Ssatdou  'A  a  loai  vLxh  is  ei^ial  t&  vmma 
half  of  the  static  br*akiAg  weEz^t.  ^  la  tL<a«  experm^ats  ta# 
was  alternated  J  iabp:ii«i  aa.i  FKr^'^Tei  Ij  tLe  r^^^ncssaoe  acSdoa  «f 
machineij ;  s&i  tL-»  iife7<ec<c«  crawa  frxa  tixtaa  wai  tide, 
beam  had  been  ttrsEi^f  vjsjt  iLv»a3*i«  "yr  !LiIl>.as  '/.  tnufv  25  t: 
pemted  appIicaiS^a  asri  r'^nb'^TsI  c^  tL>  >>a.i,  tx*  2ueer:ia^  idii 
*  fatigaed '  or  w«ak«s*^i  vj  %^t  ^r>«9H.  tr.  tlat  h  iA*sld  m  im^sr  lAz 
more  than  a  certaa  r*f  «^, :  T*nii*ju/i^.     I:  anst  »  roaespr  iiiif>g— a: 


NOTB   03)    THE    WOBKIKG    8TBB68   OP   IBOS   15D   STIBU 


451 


Spui. 

Sflectire  RoUinff  Load  per 

!         Workiac  TcmO  scnH 

foot  mn,  liiifle  line. 

per  aqvATt  JaA. 

Feet 

Cwt 

TOML 

10 

72 

4 

20 

53 

41 

80 

45 

4-S 

60 

81 

4^ 

100 

275 

4-5 

150 

25 

4T5 

200 

22^5 

5 

275 

20 

5 

Sir  B.  Baker  remarks  "  The  precise  loads  whick  skodd  be  ptoviied 
for  in  any  particalar  line  of  railwaj  is  of  coniie  a  Batter  for  the  j«d^ 
meni  of  the  Engineer;  tJie  abore  Table  merely  represents  the  loads 
which  stock  at  present  mnning  are  capable  of  imposing  on  Bridges,  aai 
they  are  not  based  upon  the  improbable  hypothesis  of  the  «ko!e  Biidge 
being  loaded  with  engines  and  tenders  or  other  abnonDal  arrugeacfttiL 
The  rolling  loads  may  appear  high  in  the  instance  of  tlie  slM>fter  w^^amt, 
but  they  are  not  proportionally  higher  than  the  loads  takes  for  ka^ 
spans,  since  an  ordinary  train  arerages  only  from  8  cwt.  to  12  cwt  per 
foot  run." 

For  spans  of  275  feet  and  upwards,  the  extra  we^ht  of  CBgiae  sLe^l 
be  specially  provided  for  as  already  explained. 


inff  is  1 

.     „    > (3a). 


ART.   409-410.  J  TOBSIOH.  455 

at  any  point  is  simpl j  proportional  to  the  distance  of  the  point  from  the 
centre,  t.«.| 

Shearing  strain-intensity  v  oc  r 
Bat  by  Hooke's  Law  this 

Shearing  stress- intensity  oc   shearing  strain-intensity  or  ^  oc   v^ 

whence  50c  r,  (8), 

or  in  words 

<*  The  shearing  stress-intensity  round  any  ring  is 

uniformly  varying  with  the  radius  of  the  ring' 
Hence  also 

<?  =  «»•, (85), 

whence  9r  =  icB, (4), 

and  J  =  -^  •   »•* (5). 

Hence  the  stress  being  constant  round  a  ring  2wr  of  infinitesimal 
width  Jr, 

/•  Total  Shearing  Stress  ronnd  such  ring  s=  ^.  2irr  dr. 
Also  its  leverage  being  r, 

•*•  Moment  of  Stress  round  such  ring  =  q  •  2wr  dr  X  r, 

/.  Moment  of  (torsional)  Resistance  s  Sum  of  partial  Moments. 

or  M  =y^  2ir  qr^  dr  =  2ir/|^  rr .  r» cfr  =  2iric.  i  R* 

/•Ms}  7CK  R*  =  ^V  *■*  ^ 

=.  i  »  S'mR' =  tV  *fi'« 

409.  Moment  of   Resistance   of  hollow  cylindric  Shaft.— Let 

R,  r ;  D,  d  be  the  external  and  internal  radii  and  diameters  respectirely, 

and  t  the  thickness  (  =  R  -«  r).     Then  it  is  easily  seen  that  the 

Moment  of  Resistance     7     f  Difference  of  Moments  of  Resistance  of  solid 

of  the  hollow  shaft      y  \     shafts  of  radii  R,  r,  respectivelv, 

or  «  =  \icK  (R*  -  r*)  =  Vg"c(I>*  -  d^)  ) 

=  i  »gm  .  g =  tV  'T^m g J  '• 

and  if  the  thickness  t  be  very  small  compared  with  the  diameter  D,  then 

«=i,r.{R*-(R-0*  }=iw.R'(4<-6^  +4^-^) 
=  2irr  R»<  =  2jrq„,B?t  nearly, (7a). 

410.  Moment  of  Resistance  in    general.— Under   <<  Coulomb's 
Hypothesis  "  (Art.  408)  it  appears  that 

ill  =  Kjft^  dr  de 


WW  " 

i'=v.-g.d'; <^>- 


ABT.   411.  ]  T0B8I0K.  457 

[For  a  masterlj  ezpoBition  of  this  diflScnlt  Babject,  tee  Thomson  and  Tait's  "  Na- 
toral  PMlosophj  ",  Vol  L|  Art.  699—710,  from  which  the  aboTO  values  of  |^  are 
taken]. 

411.  Modulus  of  torsion,  (/w).— From  what  precedes  it  would 
appear  that  the  Modulus  of  torsion,  or  wrenching  {fj)  should  be  identi- 
cal with  the  Modulus  of  shearing  /«,  the  yalues  of  which  are  given  in 
Table  YIII.  for  the  few  materials  for  which  it  has  as  yet  been  determined 
by  experiment. 

Its  use  is  of  course  analagous  to  that  of  the  modulus  of  TransTerse 

Strength  (/b),  t.tf.,  after  division  by  a  factor  of  safety  («)  there  is  obtained  a 

f 
"  Safe  or  Working  twisting  stress-intensity  "  =  —, 

And  in  Problems  of  determining  scantling  of  shafts  to  bear  a  given 
Twisting  Moment,  (M),  this  should  be  of  course  the  maximum  stress- 
intensity  at  any  point,  and  should  therefore  be  substituted  for  qm  iu 
formnlte  (6),  (7),  (7a;,  &c.,  in  shafts  which  are  to  be  worked  up  to  the 
Working  Strength. 

Limits  of  applicability. — From  the  mode  of  their  derivation,  the  Re- 
solts  of  this  Chapter  are  of  course  subject  to  limits  similar  to  those 
detailed  in  Arts.  214,  805,  q,  v. 

A  physical  interpretation  similar  to  that  applied  (Arts.  216,  806) 
to  the  moduli  of  Transverse  Strength  (/b)  and  of  Transverse  Besilience 
(/b*  -T-  Et)  is  of  course  of  similarly  derivable  in  the  present  case :  thus  it 
may  be  said  that— • 

2 

"  The  *  Modnlas  of  Torsion  *  is  -  the  Freasore  which  applied  at  an  arm  of  1  inch 

woold  jost  wreneh  asonder  a  solid  cylinder  shaft  of  2  inches  diameter— nnder  the 
absnrd  Hypothesis  that  all  the  '  limitations '  above  are  satisfied  at  the  time  of 
fractore.** 


APPENDIX. 


Thb  following  Tables  referred  to  in  this  Mannal,  are  extracted  (with  adaptations) 
from 

Hodgkingon*B  Experimental  Researches  on  Strength  of  Cast-iron,  1846, 

Rankine's  Manual  of  Ciril  Engineering,  1870,  and  Usefal  Rales  and  Tables,  18G6, 

Stoney's  Theory  of  Strains,  1866, 

Molesworth's  Pocket  Book  of  Engineering  Formula, 

Keay's  Scantlings  of  Timbers  for  Roofs,  1872, 

Major  A.  M.  Lang's  Paper  *<  On  Indian  Timber  Trees*',  No.  XL.  of  Second  Series 
of  Professional  Papers  on  Indian  Engineering,  1872, 
and  carefallj  verified  with  them.    All  the  qnantities  are  from  the  nature  of  the  case 
only  approximate  :  this  is  especially  the  case  with  the  Constants  of  Strength. 

Explanation  of  Tablet, 

Tables  I.  and  IL  of  8'6th  and  l*7th  powers  are  intended  for  nse  with  Hodgkinson's 
FormulflB  for  "  Very  Long  Pillars",  Eq.  10,  11,  12,  Art  66,  Chapter  III. 

Table  IIL  contains  the  specific  gravities*  and  weights  per  cubic  foot  of  many  Mate- 
rials useful  to  the  Engineer,  not  inserted  in  Tables  IV.  to  VIL  because  their  constants 
of  strength  are  not  known. 

Tables  IV.  to  VII.  contain  the  specific  gravities*  and  weights  in  pounds  to  a  cubie 
foot  (w),  also  (for  Metals)  in  pounds  to  a  cubic  inch,  and  the  linear  expansion 
(of  Metals)  between  32®  and  212®  F :  (their  rate  of  linear  expansion  per  degree 
Fahr.  is  of  course  -^  of  that  tabulated),  and  the  Moduli  of  Tenrile,  Crushing,  and 
Transverse  Strength  (/i,  /«,  A  or  ^b)i  and  of  Tensile  Elasticity  (Et  or  Ed)  in 
pounds  per  square  inch,  also  (for  Metals)  of  Tensile  Strength  in  tons  per  square 
inch,  t.«.,/,-i- 2240. 

For  the  definition  of  these  quantities,  iee  as  follows : — 

/»  in  Art  81,  Chap.  II.  /c  in  Art  54,  Chap.  IH. 
/b  in  Art  213,  Chap.  IX  Et  in  Art  93,  Chap.  IV. 
Pb  in  Art  168,  Chap.  VL  Ed  in  Art  100— (4),  Chap.  IV. 

Tables  VIIL  and  IX.— Explanation  is  with  the  Tables. 

Table  X.  is  a  Table  of  Indian  Money  and  Basar  Weights. 

*  N.B^^**  Speoiflo  Gravity  "  m  nsed  in  tbaae  (and  other  Bnglneering)  TsbiM  ii  the  ratio 

Weight  of  a  cnbJc  foot  of  aetual  material. 
Weight  of  a  cnbio  foot  of  pore  water 
The  nine  term  ie  need  in  Chemical  Phyiioa  aa 

Weight  of  a  cnbio  foot  of  "  Solid"  material 

■  • 

Weight  of  a  cnbio  foot  of  pnre  water 

In  the  former  mage  the  natnral  intenticee  or  vacnitiea  of  the  material  are  eonsidered  part  of  the 
natnral  material,  in  the  laUer  mage  the  effect  of  all  ench  vaonltiee  ia  as  tar  as  poeeible  eliminated 
( by  experiment)  eo  that  the  latter  ratio  la  nraally  tht  largt  of  the  two. 

The  former  ratio  is  the  value  of  moit  importance  in  Engineering. 

B 


TlBLS  III.— HiLA^ 


i£JU 


Air,  dry  at  ar  P., 
Cbucottl, 
OlAyf     •  •        •  • 
Coal,  anthracite, 
M    bifmninoM, 
Ooke,     .. 
OoocFete,  oommoB, 

£artii,  conuDooi, 

loamT, 

lannDcd, 
„      looae,     •• 
Felspar, 
Flinty    .. 
Glaaa,  crovo,  aTCfsg'p. 


I-» 


99 
ft 


19 


W 


nlate. 
Gypanm, 
GraTel, 
lime,  quick,* 
Marl,     .. 
Mad,     .. 
Feat,     .. 
Qoartz, 
Sand  (damp), 
Sand  (dry), 
Shal^    .. 
Shingle, 
TUe,      .. 
Trap^     .. 
Water,  at  39-1  F 


99 


•  • 


M4tDl-«4 

1^ 
S-S 

152  to  2^ 

1-SM 

1^2 

2^ 

2^ 

2-5 

SO 

27 

27 

2^ 
1-7  to  1^ 

8-18 
1-6  to  1.0 

J -68 

1-38 

265 

1*9 

142 

2*6 

14 
1*81  to  1*85 

2.72 

lO 

1-026 


lot 

774lo8>'9 
€24JtDlOM 

119 

IIS 
25  to  125 

126 
29 
96 

162^ 

164.2 

156 

187 

169 

169 

148.6 
109  to  120 

200 
100  to  119 

102 

88 

165 

118 

88.6 

162 

90 
lis  to  116 

170 
62.425 
64*tJ5 
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TiBLB  IV. — Stbbhoth  or  Pob'HUavd  Cbmbst 
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XTl  APPBHDIX. 

Table  X. — Of  Indian  Currbnoy  and  Wjcight. 


£    «. 

d. 

1  Pie 

••• 

0    0 

Oi 

8  Pie 

s=  1  Paisi  or  I  anna 

••• 

0    0 

Of 

12  Pie 

s=z  1  Anna 

••• 

0    0 

U 

16  Annas 

=  1  Rnpee 

•  •• 

0    2 

0 

15  Rupees 

=  1  Gold  Rnpee 

••• 

1  10 

0 

16  Rapees 

—  1  GoIdMohor 

••• 

1  12 

0 

1,00,000  Rapeef 

i=r  f  Lakh 

■•• 

10,000    0 

0 

100  Lakhs 

s=  1  Kror 

••• 

1,000,000    0 

0 

The  Rnpee  weighs  180  grains  Troj,  or  one  tola,  and  consists  of  1 1  parts  of  silver 
and  one  of  alloy.  The  Gold  Rnpee  is  of  the  same  weight  and  standard.  The  copper 
coins  are  the  {  anna,  weighing  200  grains  ;  i  anna  or  paisi,  100  grains  ;  the  half  paisa, 
60  grains ;  and  the  pie  3Si  grains. 

BAZAR  WEIGHT. 

4  Siki  or  quarters   =  1  Tola  6  iff  drs.  A  v.    180  grs.  Troy. 

5  Tolas  =  1  Chit&k  2^   os.     „  1}  os.      „ 
4  Chit4ks                 =  1  PanwA                          8^   oz.     „          7^  oz.      „ 

4  Pauwis  =  1  Sfror"Seer"  2^    lb.     „  24  lb.      „ 

5  Seers  =  1  Fasseri  lOf      lb.     „        12}  lb.      „ 
8  Pas8erior40seer8=  1  Manor<'Maund"      82y      lb.     „      100    lb.      „ 

The  standard  seer  weighs  80  tolas  or  Rnpees,  or  36  annas  in  copper  coins ;  also  85 
seers  are  equal  to  72  lbs.  Avoirdupois  ;  and  49  maunds  are  equal  to  86  cwt  The  pound 
Avoirdupois  weighs  38}  tolas,  and  the  pound  Troy  82  tolas. 

TO  CONVERT  INDIAN  INTO  AVOIRDUPOIS  WEIGHT. 

Seer      X  72  -J-  35  =  Pounds.    Maanda  y  36  -r-  49  =  Cwts. 
Pounds  X  35  -^  72  =  Seers.        Cwts.     X  49  -7-  30  =  Maunds. 

N.  7?. — For  Tabic  for  the  mutual  conversion  of  English  and  Indian  money  and 
loeightf  see  Ooilcau*s  Tables  of  Wages  and  Rent. 
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Examplea,  88--(6),  147  (Ex.  8). 

Parlins  and  Rafters,  253,  269  (Ex.  2). 

Struto  76,— (4),  (6). 

Ties,  32— (2). 

Applied  Meehanict,  Mee  Introdnction. 
Authorities  consulted,  te$  end  of  Table  of  Contents. 


Bar  defined,  110. 

Bar-iron,  399. 

Barlow's  Coefficients  of  Elasticity,  99, 100. 

Experiments  on  Iron  Beams,  214,  228. 

-^—  FormolsB  for  Cast-iron  Beams,  228. 

—  Deflection  FormnlsB,  290. 
Beams,  149, 152,  258,  and  see  Girder. 

Breaking  Weight  FormnlsB,  157  to  162. 

•^—  O)ntinnons,  tee  Continuous. 
«-—  Examples,  tee  Examples. 

—  Fixed,  tee  Fixed  Beam. 

—  Load  on,  tee  Load. 

Scantling,  Design  of,  211,  221. 

Solid,  218—4*,  226,  251,  896. 

Weight  of,  276  to  279. 

Bearing  Area,  Surface,  361* 

Bedplate,  392  to  395. 

Bending,  9,  153,  and  tee  Deflection. 

—  Couple  and  Moment,  172. 

Bending  Moment  in  Cantilevers  and  Supported 
Beams,— 
General  Formulie,  176. 
Examples,  182. 
Maximum,  178. 


Maxm.  maximomm,  165,  (Note  at  end  of). 

Minimum,  179. 
Bending  Moment  in  Contn.  Beams,  tee  Continuous. 

in  Fixed  Ueams,  tee  Fixed. 

Bending,  Slight,  Limitation  of,  198. 

Bow's  Method  of  Lettering  Frame-  and  Stress- 

Diagrams,  (Addendum  to  para.  147). 
Bowstring  Girder,  Chspter  XI. 

Advantages  of,  250. 

General  Theoiy,  247. 

Uniform  Dead  Load,  245. 

Live  Load,  246. 

Weight  nearly  uniform,  249. 
Box  Girder,  161,  191,  896-6''. 
Braced  Girders,  226,  251— ii,  254. 

Examples  by  Clerk-Maxwell's  Method,  255^. 

— -  tee  Flanged  Girder. 

Shearing  in,  226,  227,  et  teq. 

Spans  for,  896. 

Braced  Trusses,  tee  TruKses. 
Braces  (Girder),  Scantlings  of,  281. 

Stresses  in,  228. 

Character  of,  229. 

Exsmples,  232. 

Bracing,  Counter,  229. 
Bracing  Joints,  370. 

Bolt,  872, 

Rivetted,  378. 

Breaking  Load,  Strain,  Weight,  6. 

Breaking  Weight  FormulsB  for  Beams,  157  to  162 

-»—  Examples,  162. 

Bresse's  Theorem  of  Three  Moments,  388. 

Brick  Arches  for  Roadways,  382— l^ 

Brickwork,  tee  Masonry,  and  Table  V, 

Bridge-base,  377. 

Bridge,  Girder^,  tee  Girder. 


UIDIX, 


Hooke*B  Lftw  (of  Elisiicitj),  91. 
Hoop-Tenrion,  43  to  47. 
llattoii*8  Experiments  on  Wind,  116<-(2>. 
Hjdrostatics,  Application  of  Roles  of,  20  llla. 
200,  208,  205. 


LnpMt,  Direct,  102  to  107. 

see  Energy,  22,  26. 

Impact,  TransTerae,  298,  and  Chapter  XVL 

Deflection  under,  802. 

Design  for,  808. 

Limits  for  Formnlie,  805. 

Stress  under,  801. 
Indeterminate  Problem  in  Beams,  828. 
-~-  Frames,  126. 
Inertia,  Moment  of,  206  to  208. 
Integration,  Illustration  of,  164. 
Integrometer,  202  (Note). 
Intensitj-Classification  of  Load,  &c,  6. 

—  of  Load,  Strain,  Stress,  Ac,  Measure  of,  18. 
Iron  Beams,  Hodgkinson's  Formulae,  161. 

— -^  Cast,  tee  Cast-iron. 

— —  Cast  and  Wrought  combined,  85. 

—  Chains,  41. 

Elasticity  and  Set,  98. 

—  Estimation  of,  402. 
Forms  of,  898,  899. 

-»^  Price  of,  in  Upper  India,  400. 

Safe  Stress  in,  397. 

Teste  of,  401. 

—  Wrought,  $ee  Wrought-iron. 
I-section,  186,  218— (8),  898-(8),  899. 

Centre  of  Gravity,  202,  (Ex.  2). 

Examples,  187,  197,  225. 

Moment  of  Inertia,  207  (Table),  208  (Ex  2). 

of  Equal  Strength,  190  to  192,  219  (Ex  2). 

Isotropic,  90. 


J. 


Joints,  110,  855,  and  C^yapters  XIX.,  XX. 

at  Abutments,  894,  895. 

— ->  Bearing  surface,  861. 
— -  Bolt,  859  to  868,  872. 

—  Bracing,  870  to  878. 

Butt,»65. 

Failar«  of  Bolt,  859. 


Joints  in  Flanges,  865  to  869. 

—  Footing  of  Rafter,  858. 
Framed,  855,  870,  872. 

— ~  General  Principles,  854,  855. 

in  Iron- work,  856. 

Lap.  865. 

Lengthening,  855,  865. 

Riyetted,  364  to  870,  378,  874. 

Shear  at,  857,  860. 

^—  Suspension  Link,  863. 


Rilogramm6tre,  21. 
Kinetic  Energy,  22. 
King-post,  King-rod,  188. 

Truss,  180  to  184,  147  (Ex.  4,  6,  6). 

Kirkaldy*B  Experiments  on  Iron,  88. 

L. 

Latham*8  Method  (for  Braced  Girders),  255a. 
Lattice-Girder,  161,  186,  232. 

see  Braced  Girder,  Flanged  Girder. 

Spansfor,  896— 7®. 
Length  of  Pillar,  Effect  on  Strength,  58,  60. 
Lengthening  Jointe,  855,  865. 
Length  of  Beams,  Limiting,  275,  896. 
Limit  of  Elasticity,  88. 
Limito  of  Formulas  for : — 

Continuous  Beams,  837,  350. 

Deflection.  291. 

Fixed  Beams.  319. 

Transverse  Impact,  805. 

Transverse  Strain,  214. 
Load,  1,  5,  6. 

-  application,  9. 

Dead  and  Live,  1. 

intensity,  6,  18. 

Normal,  116— (2),  117. 

Sudden,  26, 102,  298. 

ToUl,  18,  166. 

at  Jointe  (in  Trusses),  116,  119,  120,  128. 

Load  on  Beams,  Chapter  XIV. 

Cross  Girders,  271—4',  5®,  273,  274, 

Driving  Wheels,  272. 

Flat  Roofs,  116— (1),  271—2®. 

Floors,  271— !•. 

Longitudinals,  272. 

Main  Girders,  271-4»,  5^  275. 


IHDBZ. 


Til 


•zCfenn  of  Iron  Bridges,  882. 

—  of  Railway  Bridges,  888. 

—  Weight  of,  271— 4«»,  276, 
Labtltty,  9,  86. 

Ijgoo  of  Forces,  140,  148. 

—  Loads,  142. 

iljgooal  Method  for  Stresses,  ue  CSerk-Maxwell. 

iljrgons,  Open  (ia  Frameworks),  114. 

itootial  Energy,  23. 

■Msm-cs  on  Supports,  119, 120,  128,  Note  at  end 

of  Chapter  V.,  346,  £x.  6  to  11. 

xx>f  Load,  Strain,  Stress,  &c.,  6. 

ixlins,  268  to  270. 

seeD-post,  Queen*rod,  188. 

aeen.Fost  Tmss,  Stresses  in,  185  to  189»  147, 

£x.  10. 

afters.  Chapter  XIII. 

Bracing  needed.  111. 

General  Fonnalao,  263. 

Load  on,  260. 

Principle  of  Design,  262. 

Scantlings,  147  (Ex.  8),  270. 

Special  FormnlsB,  265,  267. 

Strain  and  Stress  in,  264. 

Thin,  266. 
ail-girders,  876.  Z»Z,  385,  387. 
ailwaj  Bridges,  379—7%  8%  888  to  887. 

—  I.oad  on,  271-5*»,  276. 
aiii-absorption  (in  Roofs),  116 — (2). 
e-actioD-conple  and  •  Moment,  809, 829. 
e-Aciion  in  Beams,  167,  809,  829,  888, 889. 

—  in  Roofs,  121,  128. 
esilience,  27. 

— .-  in  Beams,  800. 

—  Direct,  102,  108. 

—  Modali  of,  108,  806,  Table  IX. 

—  Transrerse,  800,  806. 
eaistance,  8,  5,  6. 

—  Total,  18  to  20. 

—  Moment  of,  aee  Moment, 
eaisting  Couple,  172,  406. 

eK>lntion  of  Load  at  Jdnts,  123, 182, 187, 148, 
147. 


ResolnHoo,  Method  of,  128. 124,  129  to  189L 

Rigid  Bars,  Hypothesis  of,  118. 

Rigiditj,  86. 

Uitter  s  Method  of  Sections,  259. 

Rivets,  arrangement  of,  867. 

Pitch  and  Siie  of,  369. 

RiTetted  Jointa,  864  to  874. 

Streas-distribntioo  in,  874. 

RiTetted  Bracing  Joint,  378. 
Rondelet^a  Formola,  69, 88,  (Ek.  8). 
Roadwajs,  High  and  Low  Lerel,  879  to  381. 

of  Iron  Bridges,  382. 

Weight  of,  271— 4»,  276,  382. 

Rocker,  894. 

Rolled  Iron  Beams,  225  (Ex.  a  4, 5),  396, 399. 

Moment  of  Inertia  of,  20t,  (Ex.  Sj. 

Boilers,  Expansion,  394. 

Roofs,  Load  on,  116  to  118,  271—2*,  Z^, 

Roof -Trusses,  Stresses  in«  Chapter  V. 

Examples  bj  Method  of  Rcaolotioa,  129  to 

139. 

bj  Ckrk-Max well's  Method,  147. 

Rope,  40. 

Roptnre,  Moduli  of,  8. 

8. 


Safe  Load,  Strvn,  Stress,  &c,  6. 
Ssfe  Stras-intenritT.  31,  64,  897. 
Safety,  Factor  of,  7,  26.  31,  64,  101,  2991 
Sections,  Method  of,  168. 

Ritter*!  Method  of,  259. 

Set,  87.  98,  293. 
Shear.  96. 

E^joatioD  of,  169. 

Shearing  Force  and  Resistance  (in  BeaaH),  169L 

— —  D'lrtKXvm  of,  170. 

Shearing  Force  in  Caatilercn  aad  Smp^mtti 


GeDcral  FormnUe,  173. 

Examples,  1^2. 

Maximoa,  174. 

MaximoB   MaximnrBai,  1C6  OTue  at  e^l, 
182,  (Ex   10  to  12.  15) 
Shearing.  Mini  mom,  175. 

Force  in  CcwtiniKAt  B»«bm.  C80. 

in  Fixed  Beasts,  ^JOi. 

Shctf  ia  Bcttss,  kfligl.  aad  ▼csiical,  m,  iU. 


